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Although a voluminous literature has accumulated on postoperative 
venous thrombosis and pulmonary embolism, two major problems 
await solution: (1) the prevention of thrombosis, and (2) the early 
recognition of peripheral venous thrombosis and prevention of embolic 
complications. The purposes of this paper are (1) to analyze all 
cases of pulmonary embolism which have occurred in the Brady 
Urological Institute during the past 20 years, in an effort to determine 
the contributing factors, and (2) to propose a practical plan for the 
early diagnosis of thrombosis in the lower extremities, in the hope of 
reducing the incidence of pulmonary embolism. 

In an appalling number of cases the thrombosis is not suspected 
before fatal pulmonary embolism occurs. In many other cases the 
usual measures for prevention of embolism are not instituted until 
the clinical signs of thrombosis are far advanced. Unnecessary risks 
are imposed on patients in both groups and frequently the results 
are disastrous. 

Of 8163 urological operations performed during the past 20 years 
there have been 88 cases of postoperative pulmonary embolism. 
These fall into 5 groups: (1) fatal embolism proved by autopsy, (2) 
presumptive fatal embolism in which post-mortem examinations were 
lacking, (3) pulmonary infarcts from which the patients recovered, 
(4) infected pulmonary infarcts recognized at autopsy, and (5) in- 
cidental pulmonary infarcts in patients shown by autopsy to have 
died from some other cause. 
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2 ORMOND S. CULP 


POSTOPERATIVE PROVED FATAL PULMONARY EMBOLISM (32 CASES) 


(History Nos.—B.U.I. 25427, 21461, 25328, 25838, 21937, 11100, 
13442, 21984, 21618, 21795, 26225, 21516, 24412, 26863, 24734, 
27305, 27130, 23769, 22328, 21848, 21847, 20951, 19310, 12220, 
11160, 10966, 9387, 23943, 16388, 27086, 15398, 12992) 


During the 20 years from September 1, 1919 to August 31, 1939, 
0.39 per cent of all urological operations at this Institute were followed 
by fatal pulmonary embolism proved by autopsy. This complication 
was responsible for 6.62 per cent of all the postoperative deaths on the 
urological service during the same period. 

Distribution. Of the 32 cases in this group, 23 (71.9 per cent) 
occurred during the last 10 years, while only 9 (28.9 per cent) occurred 
during the first 10 years covered by this study. Routine opening 
of the pulmonary vessels im situ at autopsy was started exactly 10 
years ago and may account for some of the increased number of proved 
cases. The fact that 11 cases were noted from 1930 to 1934 and only 
12 cases were reported during the subsequent 5 years gives further 
support to this view. The number and percentage of autopsies ob- 
tained during the past 10 years was essentially the same as during the 
first 10 years. While there obviously has been no decrease in the 
incidence of proved fatal embolism during recent years, it is doubtful 
if these figures represent a true increase in frequency. 

Service. Twenty-six cases (81.2 per cent) occurred in private 
patients, and only 6 were noted in public ward patients. During 
these 20 years, 4507 operations were performed on private patients, 
and 3656 were done on the public service. Therefore, 0.58 per cent 
of the private operations were complicated by proved fatal embolism, 
while only 0.16 per cent of the public ward operations had the same 
complication. These cases have been analyzed and compared in 
regard to age, condition on admission, pre-operative care, type of 
operation, duration of operation, typeof anesthesia, operative difficulty, 
drops in blood pressure during operation, postoperative hemorrhage, 
abdominal distension, wound infection, instrumentation, general 
postoperative care including time kept in bed, and associated circula- 
tory diseases, and no significant differences were noted to account for 
the predominance of private cases. The two types of cases were 
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comparable in every respect except most of the public ward patients 
tended to be underweight, while more of the private patients were 
overweight. This alone scarcely explains such marked variation 
in incidence. 

Age. The youngest patient was 24 years of age, the oldest 80, 
and 62.5 per cent of the patients were over 60. Although many 
urological patients seen during the past 20 years were aged, only 41.2 
per cent of all operative patients were over 60 years of age (Table I). 
Twenty-five per cent of the patients with proved fatal embolism were 



































TABLE I 
Ages of 88 patients with postoperative pulmonary embolism 
=. PROVED | PRESUMP- | INFARCTS | eecren |rNCIDENTAL 
OPER ONS FATAL TIVE FATAL WITH INFARCTS INP TOTAL 
ace | @Oveans) | EMBoLise | Eunotisn | ancoveny | (cages) | (20 cases) | (8 CASES) 
No.| % |No.| % |No.| % |No.| % |No.| % | No.| %|No.| % 
years at 
10 or less | 241) 2.94) 0 0 0 0 0 0 
11-20 575| 7.03) 0 0 1 | 4.76) 0 1 | 5.0) 2) 2.27 
21-30 768) 9.42} 2 | 6.25) 0 0 0 1 | 5.0) 3} 3.41 
31-40 758| 9.28) 0 1 | 9.09) 1 | 4.76) 0 1 | 5.0) 3} 3.41 
41-50 868/10.65; 3 | 9.38) 0 4 |19.05| 0 0 7 | 7.95 
51-60 /|1587/19.44) 7 |21.88| 1 | 9.09) 1 | 4.76) O 5 |25.0) 14 |15.91 
61-70 |2193/26.87| 12 |37.50| 4 |36.36) 8 |38.09) 1 |25.0) 3 |15.0) 28 |31.82 
71-80 |1019|12.49| 8 |25.00) 2 [18.18 5 (23.81) 3 {75.0} 5 (25.0) 23 |26.13 
81-90 147} 1.80) 0 3 |27.27| 1 | 4.76) 0 4 |20.0| 8 | 9.09 
91-100 7| 0.08} 0 0 0 0 0 0 





























71 to 80 years old, while only 12.5 per cent of all the operative patients 
were in this age group. Old age apparently is a factor in fatal pul- 
monary embolism. 

Sex. All of the patients were males except one. Less than 10 
per cent of the admissions on this urological service are females, and 
the significance of sex cannot be evaluated satisfactorily in this study. 

Weight. Only 31.3 per cent of the patients dying of proved pul- 
monary embolism approximated their calculated normal weight. Of 
the remainder, 43.7 per cent were underweight and 25 per cent were 
overweight. 

Operation. All operations have been grouped as (a) suprapubic, 
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(b) perineal, (c) renal, (d) transurethal, and (e) miscellaneous. Al- 
though the largest number of proved fatal cases followed perineal 
operations, the highest percentage during the past 20 years was in 
the suprapubic group (Table II). However, the variation in fre- 
quency of embolism after suprapubic, perineal, and renal operations 
was not great enough to be of any significance. 

Anesthesia. Proved fatal embolism occuxied aiter local, general, 
caudal, and spinal anesthesia (both with novocaine and with ponto- 
caine). It was lowest after local, but only the simplest of urological 
procedures are suitable for this type of anesthesia. Over 50 per cent 




















TABLE II 
Type of operation in 88 cases of postoperative pulmonary embolism 
crana-| "eure | ite | Menma® | Bemmcrep [mecmmeerst] songs 
“OPERATION GROUP —s a aaa 
7 
YEARS) | No. Zot No. of No. Zoot No. Zoot No. Fs Joa} No. Zoot 
Suprapubic........ 887 | 6 | 0.67) 4 | 0.45) 2 | 0.22) 0 8 | 0.90) 20) 2.25 
| RE 2963 |17 | 0.57) 6 | 0.20/10 | 0.33) 4 | 0.13) 7 | 0.23) 44) 1.48 
Se ee 999 | 4 | 0.40) 1 | 0.10) 5 | 0.50) 0 1 | 0.10) 11) 1.10 
Transurethral. ..... 783 | 2 | 0.25) 0 3 | 0.38) 0 1 | 0.12) 6) 0.76 
Miscellaneous. ..... 2531 | 3 | 0.12) 0 1 | 0.04) 0 3 | 0.12) 7| 0.28 
All operations... .| 8163 |32 | 0.39/11 | 0.13/21 | 0.25) 4 | 0.05/20 | 0.24) 88) 1.07 












































of the cases followed spinal anesthesia, but 2800 operations have been 
done under this type of anesthesia, and proved fatal pulmonary 
embolism occurred in only 0.61 per cent (Table III). Since 1932 this 
has been the routine anesthesia in practically all operations and very 
few procedures have been done under other types. Although there 
were more cases of fatal pulmonary embolism recognized at autopsy 
during the past 10 years and consequently more proved cases after 
spinal anesthesia, it is doubtful if spinal anesthesia alone accounts 
for this increased incidence. 

Operation Time. The duration of operation was not a factor in 
this group. Only 2 operations required more than 2 hours, and 50 
per cent were done in less than 1 hour. 

Drop in Blood Pressure. Blood pressure falls of more than 20 
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mm. mercury occurred during operation in 21.8 per cent of the cases. 
In 1 case this was due to excessive bleeding, in another the operative 
procedure was responsible, and in 5 instances it was attributed to 
the anesthesia because the drop in blood pressure occurred shortly 
after the administration of the anesthesia and not late in the operation. 
One followed caudal anesthesia and the other 4 resulted from spinal. 
Three of the spinal cases were hypertensive patients. Similar drops 
in systolic pressure are not infrequent with spinal anesthesia uncom- 
plicated by pulmonary embolism or venous thrombosis. This ob- 
viously was not an essential factor but may have played a part in 
individual cases by increasing peripheral venous stasis. 











TABLE III 
Type of anesthesia in 88 cases of postoperative pulmonary embolism 

proven | PRESUMP | ieparcts 
rors | “paras | gE | ware | MEECTED MEIENTAL! ronan 

memes ISTERED EMBOLISM | pporism | RECOVERY 
aed 2 of INo.| 22,08 Ino. | 7,9 Ino.| 72,0f |no.| 2,08 Ino.| 72,08 
Re ae 884 | 2 | 0.23) 1 | 0.11] 0 0 1 | 0.11) 4 0.45 
ee 3297 | 9 | 0.27) 1 | 0.03) 2 | 0.06) 0 10 | 0.30) 22) 0.67 
Rs chien awe 1176 | 4 | 0.34) 3 | 0.26) 2 | 0.17| 4 | 0.34) 5S | 0.43) 18) 1.53 
as saline iw 2800 |17 | 0.61) 6 | 0.21/17 | 0.62) 0 4 | 0.14) 44) 1.58 









































Hemorrhage. Only 2 patients had postoperative hemorrhage and 
apparently it was of no significance in this series of cases. 

Abdominal Distension. Marked postoperative abdominal disten- 
sion was noted in 43.8 per cent of the proved fatal cases. This may 
have increased the amount of venous stasis in selected cases and 
thereby contributed to thrombosis. 

Wound Infection. Severe wound infection was present in 43.8 per 
cent of the cases. Most of these infections followed perineal or 
suprapubic operations. Since none of the massive emboli could have 
come from the operative area, this was hardly a major factor in the 
proved fatal cases. 

Instrumentation. Eight patients (25 per cent) required postopera- 
tive instrumentation. This consisted of catheterization (4 cases), 
dilatation of the urethra, cystoscopy, curettage of the perineal wound, 
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and reinsertion of perineal gauze packs (each in 1 case). One perineal 
prostatectomy case continued to bleed and required repacking of 
the wound. The patient died 15 minutes later. A case of pyelo- 
lithotomy required repeated cathetization for urinary retention and 
died suddenly during insertion of the catheter on the twelfth post- 
operative day. In the other cases considerable time elapsed between 
the instrumentation and the onset of embolism. This probably was 
a factor in a few isolated cases, but was not an essential one. 

Circulatory Disease. Twenty per cent of the patients in this group 
had clinical evidence of cardiac decompensation before operation. 
An additional 10 per cent had admission diastolic blood pressures of 
more than 100 mm. mercury. All of these cases presented cardiac 
hypertrophy and some degree of myocardial scarring at autopsy. 
The peripheral venous stasis in each case probably contrivuted to the 
thrombosis. An additional 40 per cent of the patients had slight 
myocardial scarring at autopsy but no clinical evidence of cardiac 
insufficiency. 

Size of Prostate. Sixteen of the 32 proved fatal cases had perineal 
prostatectomies. The weight of the prostates in this group closely 
paralleled the weights of those removed during the past 20 years with- 
out pulmonary embolism. The size of the prostate appeared to have 
no effect on the incidence of fatal pulmonary embolism. In each case 
of massive fatal embolism the diameter of the thrombus made it clear 
that it came from a larger vessel than those traumatized in prostatic 
operations and no causal relationship was anticipated. 

Perineal Closure. Perineal wounds were closed by a great variety 
of methods during the past 20 years. The incidence of embolism 
was the same with Davis hemastatic bags as with urethral catheters 
and suturing of the prostatic capsule and vesical orifice. The type 
of perineal closure was not a contributing factor. 

Intravenous Fluids. In 4 cases (12.5 per cent) continuous intra- 
venous sets had been inserted in the leg which later proved to be the 
source of the fatal embolus. 

Time of Embolism. Fatal pulmonary embolism occurred from 
the day of operation to the sixty-ninth post-operative day (Table IV). 
Most cases occurred during the first 4 weeks after operation and 
were distributed fairly equally during this period. One patient died 
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30 minutes after an operation which required only 45 minutes. 
Another died 1 hour after a 50 minute operation. A third patient 
was poorly responsive after leaving the operating room and died 24 


Time of pulmonary embolism in 64 postoperative cases 
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TABLE IV 








POSTOPERATIVE PROVED FATAL 
DAY EMBOLISM (32) 


PRESUMPTIVE 
FATAL EMBOLISM (11) 


INFARCTS WITH 
RECOVERY (21) 


TOTAL (64) 
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hours later. These patients apparently were subjected to a major 
operative procedure in the presence of unrecognized thrombosis of 


the lower extremity. 
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Of the proved fatal cases, 56.2 per cent of the patients died while 
still in bed. Of the 43.8 per cent who were allowed out of bed, 29 
per cent died within 24 hours of getting up for the first time, indicating 
that bed rest was discontinued in the presence of unrecognized periph- 
eral thrombosis. The interval between getting out of bed and the 
occurrence of fatal embolism varied considerably and was as long as 
19 days in 1 case. 

Symptomatology. In most instances the patient was making an 
uneventful convalescence prior to the embolism. The onset of respira- 
tory distress and general collapse was sudden in every case. Fourteen 
(44 per cent) of the patients were dead within 10 minutes. Five 
patients were poorly responsive but lived for 20 to 30 minutes after 
the onset of symptoms. Nine lived from 1 to 8 hours, 1 died 12 hours 
later, and 3 did not die until 24 hours after the apparent time of the 
embolism. Two patients died 5 minutes after using a bed pan. 
Another suddenly collapsed while straining to urinate and died 2 hours 
later. Two died within 10 minutes after eating in bed. Another 
dropped dead while attempting to get into a chair. Another collapsed 
while returning from a chair to bed and died 25 minutes later. One 
suddenly slumped while sitting in a chair and was dead in 10 minutes. 
One started across the room to greet another patient, collapsed and 
was dead in 20 minutes. Two suddenly became unresponsive immedi- 
ately after returning from the bathroom and died within 1 hour. 
Another died immediately after a bed bath. 

Thrombosis. Only 6 of the 32 cases (18.8 per cent) had thrombosis 
which was recognized clinically. The size of the embolus in each of 
the 32 cases proved that it must have originated in one or more of 
the great veins of an extremity. In 37.5 per cent of the cases the 
thrombosis was missed clinically and the source clearly demonstrated 
in the leg at autopsy. This indicates clearly the urgent need of more 
accurate clinical observations and diagnoses. 

Conclusions. Most of the 32 cases of proved fatal pulmonary 
embolism in this series occurred during the past 10 years, in private 
patients over 60 years of age, and after operations performed under 
spinal anesthesia. Continuous intravenous infusions appeared to be 
a factor in producing thrombosis in the lower extremities in 4 cases. 
Marked variations from normal weight, excessive drops in blood 
pressure during operation, marked abdominal distension, postoperative 
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instrumentation, and organic circulatory disease, in individual cases, 
probably were contributing factors. The type of operation, duration 
of operation, postoperative hemorrhage, severe wound infection, size 
of prostate removed, and type of perineal closure appeared to be of 
no significance. The significance of sex could not be evaluated satis- 
factorily because of the small number of female patients admitted 
during the past 20 years. Only 18.8 per cent of the proved fatal cases 
had thrombosis recognized clinically. Several patients were sub- 
jected to operation or allowed out of bed in the presence of unrecog- 
nized thrombosis of a lower extremity, with almost immediate death 
from massive pulmonary embolism. Any untimely activity, in- 
cluding use of bed pans, seemed to be capable of dislodging 
the thrombus. 


POSTOPERATIVE PRESUMPTIVE FATAL PULMONARY EMBOLISM (11 CASES) 


(History Nos.—B.U.I. 24635, 16690, 22768, 24623, 28594, 17119, 
20553, 1060, 24253, 24191, 23000) 


During the past 20 years, 30.9 per cent of the patients who died 
on the urological service were not autopsied. In several of these 


cases a clinical diagnosis of fatal massive pulmonary embolism was 
made. Although it was deemed advisable to include such unautopsied 
cases in this study, they have been analyzed as a separate group. 
We also realized that too often the diagnosis of pulmonary embolism 
was missed clinically in the cases proved by autopsy. For this reason 
we have reviewed all postoperative deaths which were not followed 
by autopsy during the past 20 years, and have included all instances 
of sudden death as potential cases of presumptive fatal pulmonary 
embolism. Some patients dying of coronary occlusion, cerebral 
embolism, efc., probably have been included in this group, while 
atypical instances of true pulmonary embolism no doubt have been 
omitted. 

Only 0.13 per cent of the 8163 operations performed during the past 
20 years were complicated by presumptive fatal pulmonary embolism. 
Of all the postoperative deaths during the same period, 2.28 per cent 
fell into this category. When combined with the proved fatal cases, 
8.9 per cent of the postoperative deaths were due to proved or pre- 
sumptive massive pulmonary emboli. 

Distribution. Of the 11 cases included in the presumptive group, 8 
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occurred during the past 10 years, while only 3 were noted during the 
first 10 years of this study. Five occurred during the last 5 years and 
3 were in the preceding 5-year period. In general, the percentage of 
presumptive cases during recent years more or less paralleled that 
of the proved cases. 

Service. The percentage of unautopsied postoperative deaths was 
almost equal on the private and public services (32.4 per cent private; 
29.9 per cent public). Despite this, 8 of the patients in this group 
were private, while only 3 were on the public wards. Although more 
private operations were performed during these 20 years, 0.17 per cent 
of the private ones were complicated by presumptive fatal embolism 
and only 0.07 per cent of the public ward operations had the same 
complication. Again the cases were compared carefully, and no 
significant differences observed to explain the higher incidence among 
private patients. 

Age. All but 2 of the 11 patients were over 60 years of age and 3 
were over 80 years old, as shown in Table I. Old age undoubtedly 
is an important contributing factor. 

Sex. All of the patients in this group were males. 

Weight. Four patients were underweight, 4 were of normal weight, 
and 3 were overweight, indicating no significant variation. 

Operation. Six cases followed perineal operations; 4 were compli- 
cated suprapubic procedures; and 1 was after a kidney operation. 
The highest percentage during the entire 20 years, however, was in 
the suprapubic group (Table II). 

Anesthesia. Over 50 per cent of the presumptive fatal cases were 
after spinal anesthesia, but of all operations performed during the 
past 20 years the highest incidence of presumptive embolism was after 
caudal anesthesia (Table III). 

Operation Time. All of the operations in this group were done in 
less than 2 hours, and 81.8 per cent were completed in less than 1 hour. 

Drop in Blood Pressure. Four of the 11 patients had more than a 
20 mm. fall in systolic pressure during operation. In 1 case this was 
due to a long, difficult procedure, and in the other 3 instances it oc- 
curred at the beginning of the operation and was attributed to spinal 
anesthesia. It may have played a rdle in isolated cases, but could 
not have been an essential factor. 
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Hemorrhage. Only 1 patient had excessive postoperative bleeding. 
He did not die until 6 days later. 

Abdominal Distension. One patient had persistent, marked ab- 
dominal distension after operation and died on the sixth day. The 
distension may have been a factor in this case. 

Wound Infection. No cases in this group. 

Instrumentation. One perineal prostatectomy patient developed 
a bladder full of blood clots on the ninth day and required insertion 
of a clot evacuator per urethram. (Same case as listed under post- 
operative hemorrhage.) The patient died suddenly on a bed pan 6 
days later. The instrumentation may have been a secondary con- 
tributing factor but was not an essential one. 

Circulatory Disease. Nine of the 11 patients in this group (81.8 
per cent) had clinical evidence of cardiac insufficiency before operation. 
The associated peripheral venous stasis in these cases may have been 
an important factor in producing thrombosis in the lower extremity. 

Size of Prostate. All of the specimens in the 6 perineal prostatec- 
tomies weighed less than 80 grams, and only 1 weighed more than 
60 grams. The size of the prostates was of no significance. 

Perineal Closure. Half of the perineal cases were closed with 
large hemastatic bags and half were sutured. The type of closure 
was not a factor. 

Intravenous Fluids. Continuous intravenous infusions were ad- 
ministered in both legs of 1 patient. No evidence of thrombosis was 
noted clinically, but the patient died suddenly 4 days after operation. 
No other continuous intravenous sets were employed in this group. 

Time of Embolism. In 8 of these 11 cases, presumptive pulmonary 
embolism occurred during the first 9 days after operation (Table IV). 
One patient died suddenly 2 hours after an operation which required 
only 30 minutes. Another died 24 hours after leaving the operating 
room. In 1 case the presumptive embolism did not occur until 43 
days after operation. 

Seven of the patients (63.6 per cent) died while still in bed. In 2 
instances the interval between getting up and sudden death could 
not be determined because of incomplete clinical notes. In the re- 
maining 2 cases there were intervals of 5 and 17 days, respectively, 
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between the time the patients were allowed out of bed and the oc- 
currence of presumptive embolism. 

Symptomatology. Most of the patients appeared to be recovering 
from their operations satisfactorily prior to sudden death. Seven 
were dead within 10 minutes. Two lived 6 to 7 hours after the 
onset of general collapse and respiratory difficulty. Two lived for 
24 hours in oxygen tents. 

One patient was found dead in bed. Another who had been getting 
up for 5 days suddenly fell and was dead in 5 minutes. One collapsed 
while on a bed pan and died within 10 minutes. 

Thrombosis. Only 1 patient (9.1 per cent) had thrombosis of the 
lower extremity which was recognized clinically. He died suddenly 
2 days after the diagnosis of phlebitis had been made, despite bed 
rest and the usual conservative measures. The lack of postmortem 
examinations prevents any definite conclusions about the thrombosis 
in the other presumptive cases, but most of the emboli probably came 
from the lower extremities. The absence of clinical thrombosis in 
these presumptive cases merely paralleled the incidence of unrecog- 
nized thrombosis in the proved cases. 

Conclusions. Analyses of 11 cases of presumptive fatal pulmonary 
embolism revealed essentially the same contributing and the same 
non-essential factors as noted in the cases of proved fatal pulmonary 
embolism. The two types of cases were similar in most respects. 


POST OPERATIVE PULMONARY INFARCTS WITH RECOVERY (21 CASES) 


(History Nos.—B.U.I. 9123, 21235, 21860, 21920, 24171, 23265, 
23983, 19113, 20223, 21324, 22419, 22873, 22747, 23251, 
27050, 2834, 27402, 21443, 27455, 28297, 22611) 


During the 20 years covered by this study 0.25 per cent of all 
operations were complicated by what were interpreted by the uro- 
logical staff and by medical consultants as pulmonary infarcts from 
which the patients recovered. 

Distribution. Only 2 of the 21 cases in this group occurred during 
the first 10 years. Eight occurred during the last 5 years, while 11 
occurred during the preceding 5-year period. It must be admitted 
that attention was not directed to small pulmonary infarcts until 
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recent years, and no doubt there were many earlier cases which were 
diagnosed as pneumonia, pleurisy, angina pectoris, etc. The fact 
that most of the cases included in this study occurred during the past 
10 years probably is of little real significance. Since fewer cases 
occurred during the past 5 years than from 1930 to 1934, there is 
no evidence of increasing incidence. 

Service. Seventeen of the 21 cases (80.9 per cent) were private 
patients. Of all operations performed on the private service during 
the past 20 years, 0.38 per cent had non-fatal pulmonary infarcts 
and only 0.11 per cent of the public ward operations had the same 
complication. Again, every attempt to find some significant differ- 
ence in the type of patients or methods of treatment has been unsuc- 
cessful. The overwhelming predominance of private patients in 
this group paralleled the findings with proved and presumptive fatal 
pulmonary embolism. 

Age. As shown in Table I, 66.7 per cent of the patients were over 
60 years of age, while only 41.2 per cent of all the operative patients 
during the past 20 years were over 60 years old. 

Sex. All of the patients were males but this factor cannot be evalu- 
ated properly in this study. 

Weight. Over 50 per cent of the patients were of normal weight. 
The remainder were equally divided between the undernourished 
and the obese groups. 

Operation. The largest number of non-fatal infarcts followed 
perineal operations but, as shown in Table II, the highest percentage 
was after renal operations. The variation with different types of 
operative procedures was too small to be of any significance. 

Anesthesia. Over 80 per cent of the cases occurred after spinal 
anesthesia. The significance of this is minimized by the fact that 
most non-fatal infarcts were recognized only during the past 10 
years, and spinal has been the routine anesthesia in this department 
for 8 years. The percentage of all operations done under spinal 
anesthesia and complicated by non-fatal pulmonary embolism was 
the same as in the proved fatal group (Table III). 

Operation Time. Only 1 case required more than 2 hours operat- 
ing time, and 10 of the operations were performed in less than 1 hour. 
This evidently was not a factor. 
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Drop in Blood Pressure. A marked drop in systolic pressure oc- 
curred during operation in 42.9 per cent of the non-fatal infarcts. In 
3 of these 9 cases, this was due to excessive bleeding. In 1 instance 
it was attributed to a long operation, and in the remaining 5 cases the 
drops occurred early in the operation and appeared to be due to spinal 
anesthesia. This may have been a contributing factor in isolated 
cases. 

Hemorrhage. Two patients had postoperative hemorrhage. In 
each case 8 days elapsed before the pulmonary embolism occurred. 
This was not an essential factor. 

Abdominal Distension. Four patients in this group had marked 
postoperative abdominal distension. In each case pulmonary em- 
bolism did not follow until at least 15 days after the distension sub- 
sided. The distension may have contributed to the peripheral venous 
stasis in these cases but was not a factor in the group as a whole. 

Wound Infection. One-third of the cases had severe wound infec- 
tion. Since the non-fatal emboli may have come from the operative 
area, it is possible that the infection may have been a contributing 
factor in these cases. 

Instrumentation. Although 28.6 per cent of these patients had to 
be catheterized after operation, several days elapsed in each case 
before the pulmonary infarcts developed. The instrumentation 
probably was of no significance. 

Circulatory Disease. One-third of the patients in this group had 
clinical evidence of pre-operative cardiac insufficiency. The venous 
stasis in these cases probably helped produce the peripheral venous 
thrombosis. 

Size of Prostate. Ten patients had perineal prostatectomies. Sixty 
per cent of the prostates removed weighed less than 60 grams. Only 
3 specimens weighed more than 100 grams. The size of the prostate 
apparently did not influence the incidence of pulmonary infarcts. 

Perineal Closure. Half of the perineal cases were closed with Davis 
bags and half were sutured. The type of closure was not a contribu- 
ting factor. 

Intravenous Fluids. Continuous intravenous infusion sets were 
used in the legs of 2 patients. Both patients developed thrombo- 
phlebitis in the leg employed. These thromboses were thought to 
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be the source of the small pulmonary emboli which followed. This 
undoubtedly was a contributing factor in these 2 cases. 

Time of Embolism. In 1 case pulmonary embolism occurred 24 
hours after operation. Most of the emboli occurred in the second 
week after operation, with 7 cases between the thirteenth and fif- 
teenth postoperative days (Table IV). In two instances embolism 
did not occur until the thirty-seventh and fortieth days, respectively. 

In 38.1 per cent of the cases, pulmonary infarction occurred while 
the patients were still in bed. The interval between getting up and 
the time of embolism could not be determined in 8 cases because of 
incomplete notes. Two patients, however, had non-fatal pulmonary 
embolism 24 hours after getting out of bed for the first time. The 
intervals in the remaining 3 cases were 5, 10 and 12 days, respectively. 

Symptomatology. All of the patients complained of sudden chest 
pain, later had evidence of localized pulmonary consolidation, con- 
firmed by x-ray examination, developed low-grade fever, and in most 
instances had bloody sputum. 

Thrombosis. Five patients (23.8 per cent) had thrombosis of the 
lower extremity diagnosed clinically. Since all of the 21 patients 
recovered, correlation with actual anatomical findings was impossible. 
It is conceivable that some of these non-fatal emboli may have come 
from the pelvic veins or operative site, but undoubtedly some throm- 
boses in the leg were overlooked clinically, as was true in the proved 
fatal cases. 

Conclusions. Of 21 non-fatal pulmonary infarcts included in this 
study, the majority occurred during the past 10 years in private 
patients over 60 years of age who were given spinal anesthesia. 
Continuous intravenous infusions were directly responsible for 2 cases 
of thrombosis. Marked drop in blood pressure during operation, 
postoperative abdominal distension, severe wound infection, and cir- 
culatory disease may have been contributing factors in individual 
cases. The patient’s weight, the type of operation, duration of opera- 
tion, postoperative hemorrhage, instrumentation, size of prostate 
removed, and type of perineal closure appeared to be of no signifi- 
cance. Only 23.8 per cent of the patients had clinical evidence of 
thrombosis but some of these small emboli may have originated in 
the pelvis or operative area. 








ORMOND S. CULP 


INFECTED POSTOPERATIVE PULMONARY INFARCTS (4 CASES) 
(History Nos.—B.U.I. 16588, 17614, 16877, 16484) 


Four patients developed what seemed to be post-operative broncho- 
pneumonia. The onset of respiratory symptoms in each case was 
gradual and the physical signs, as well as x-ray findings suggested 
pneumonia. At autopsy all 4 patients were found to have infected 
pulmonary infarcts. 

All 4 cases occurred during 1927 and 1928. Three patients were 
on the public ward, and 1 was a private patient. All had been sub- 
jected to perineal prostatectomy under caudal anesthesia. This 
was the routine type of anesthesia in perineal cases at that time. 
One patient was 67 years of age, 2 were 72, and the fourth was 74 
years old. All weighed less than their calculated normal weight. 
In 2 cases the operation required only 40 minutes, and in the other 
2 cases the operating time was 75 minutes. 

A marked fall in blood pressure was noted during operation in 2 
cases. This was attributed to the caudal anesthesia in both instances, 
inasmuch as it occurred early in the operation. No postoperative 
hemorrhage was noted. Only 1 patient had marked postoperative 
abdominal distension. This persisted until the time of death, and 
may have added to the peripheral venous stasis in this case. The 
urethral catheter was changed 4 days before death in 1 case. The 
instrumentation appeared to have no effect on the patient’s clinical 
course. 

All 4 patients developed severe wound infections, followed by posi- 
tive blood cultures. The bacteremia in each case was noted 1 to 2 
days before the patient died. Colon bacilli were cultured from the 
blood of 2 patients and the other 2 were infected with staphylococcus 
albus. 

Three patients had clinical evidence of pre-operative cardiac failure. 
These showed cardiac hypertrophy and marked myocardial damage 
at autopsy. The remaining case had only slight myocardial scarring 
at autopsy. 

One prostatic specimen weighed 130 grams. The other 3 weighed 
less than 60 grams each. Two cases were closed with Davis bags, 
while the other 2 were sutured around a perineal tube and urethral 
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catheter. No continuous intravenous infusion sets were employed 
in this group. 

The actual time of the pulmonary embolism could not be estimated 
accurately. All of the patients appeared to do poorly soon after 
operation and each died rather slowly. Two died while still in bed, 
on the twenty-first and forty-third post-operative days, respectively. 
The other 2 patients had been allowed to be up on the fourth day 
after operation but later were confined to bed because of the wound 
infections and subsequent blood-stream infections. These died on 
the tenth and sixteenth postoperative days. 

Thrombosis of the lower extremity was noted clinically in only 
1 case. One other patient in whom peripheral thrombosis had not 
been suspected was found to have femoral thrombosis at autopsy. 
In the other 2 cases the source of the embolus was not demonstrated 
at autopsy. 

Conclusions. Four undernourished patients over 60 years of age 
had fatal infected pulmonary infarcts after perineal prostatectomy 
performed under caudal anesthesia. Severe wound infections were 
present in all 4 cases. Three of the patients were on the public ward 
and only 1 was on the private service. Associated circulatory dis- 
ease, marked drop in blood pressure during operation and persistent 
abdominal distension may have been factors in some cases. The 
duration of operation, postoperative hemorrhage, instrumentation, 
size of prostate removed, and type of perineal closure were of no 
significance. All of the patients had a clinical course simulating 
pneumonia. Thrombosis of the leg was diagnosed clinically in only 
1 case, and proved by autopsy in 2 cases. The emboli in the other 
2 cases may have come from the operative area in the pelvis. 


INCIDENTAL POSTOPERATIVE PULMONARY INFARCTS (20 CASES) 


(History Nos.—B.U.I. 6795, 1501, 18517, 26820, 24826, 12647, 
13689, 15671, 14876, 16409, 17311, 18378, 15917, 18570, 
21202, 21078, 21619, 21580, 27689, 27840) 


During the past 20 years there have been 20 cases of small pul- 
monary infarcts, on the urological service, which apparently played 
no role in the patients’ fatal postoperative course and which were 
recognized only at autopsy. 
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The various causes of death in these cases, as shown at autopsy, 
were: 
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Thrombosis of the lower extremity was noted clinically in 5 cases 
(25 per cent). It was demonstrated in the leg at autopsy in 6 cases. 
Four additional cases had thrombosis of the pelvic veins alone. In 
50 per cent of the patients the source of the embolus was not demon- 
strated at autopsy. 


PROVED FATAL PULMONARY EMBOLISM WITHOUT OPERATION (8 CASES) 


(History Nos.—B.U.I. 11952, 12466, 20293, 25432, 26399, 9067, 
15140, 21414) 


During the 20 years covered by this study, 5520 patients were ad- 
mitted on the urological service and not subjected to operation. 
Eight of these died of massive pulmonary embolism proved by au- 
topsy. These proved fatal cases were widely distributed over the 
20-year period. Five of the patients were private and 3 were on the 
public ward. Two were cystoscoped and the remaining 6 were only 
catheterized. All patients were between 50 and 80 years of age. 
Half of them were of normal weight, 2 were undernourished and 2 
were obese. Five were admitted because of benign prostatic hyper- 
trophy. Three entered the hospital because of extensive carcinoma 
of the prostate. 

Four patients (50 per cent) had clinical evidence of cardiac decom- 
pensation and at autopsy showed cardiac hypertrophy and extensive 
myocardial scarring. Five of the 8 patients in this group died with- 
out getting out of bed. The interval between getting up for the first 
time and occurrence of embolism could not be determined accurately 
in the other 3 cases because of incomplete clinical notes. 

Two patients died within 5 minutes after using bed pans. Another 
was dead 5 minutes after a bath in bed. One died 10 minutes after 
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eating in bed. One patient collapsed while sitting in a chair and was 
dead within 10 minutes. Another died immediately after returning 
from a chair to bed. Two patients developed respiratory difficulty 
and became unresponsive but lived for 12 and 18 hours, respectively. 
The time of massive fatal embolism varied from 5 to 23 days after 
admission. Thrombosis of the leg was noted clinically in only 1 
case (12.5 per cent). 


RECOGNITION OF VENOUS THROMBOSIS 


As shown in the preceding analyses, only a small percentage of the 
pulmonary embolism cases had thrombosis of the lower extremity 
recognized clinically. While it is quite possible that the small emboli 
in the cases of infarction may have originated in the pelvic veins or 
the operative area, the size of the massive fatal emboli in the autopsied 
cases indicated that they must have come from the large vessels of 
one of the extremities. For many years it has been recognized that 
the patient with severe thrombophlebitis is less likely to have fatal 
pulmonary embolism than the one with a more loosely attached 
thrombus. Many of these typical cases of thrombophlebitis are 
diagnosed clinically and bed rest is employed soon enough to prevent 
further complications. The less obvious forms present a definite 
problem. In the group of proved fatal pulmonary embolism only 18.8 
per cent of the patients had thrombosis in the legs which was recognized 
clinically. Adequate clinical observations in these patients might 
have prevented the tragic end-results. Our present efforts have been 
directed toward reducing the number of cases of thrombosis in the 
lower extremity which are overlooked clinically. 

In an effort to decrease the number of cases of fatal embolism, 
Dr. Arnold R. Rich of the Department of Pathology, last year sug- 
gested that routine leg measurements be made on patients of the sur- 
gical services at the time of admission, at intervals following operation 
and before being permitted to leave the bed, for it was found at au- 
topsy that in cases of femoral thrombosis careful measurement of 
the legs at 10 cm. levels beginning at the lower margin of the external 
malleolus and extending as high on the thigh as possible (usually 60 
or 70 cm.) revealed a definite difference in the size of the two legs 
even when no asymmetry was apparent on inspection. 
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Similar leg measurements have been employed as a routine clinical 
procedure on the urological service in an effort to recognize more 
cases of thrombosis before autopsy. The legs of all patients are 
measured at 10 cm. levels with a flexible steel tape on admission, 
before operation, before getting the patients out of bed, and before 
discharge from the hospital. Those patients who are hospitalized 
for a considerable time are measured at frequent intervals, regardless 
of the type of treatment employed. Any leg pain or fever requires 
immediate investigation of the extremities. A convenient chart is 
added to each patient’s history for recording and comparing the leg 
circumferences (Table V). 


TABLE V 
Leg measurements (circumferences in cm.) in proved case of thrombosis* 





CM. ABOVE EXTERNAL MALLEOLUS 





20 3» 40 50 


60 
Dec. 11 33 33.5 | 40 45 Admission 
20 28 34 40 46 


70 





Jan. 7 20 .5 | 28 33 39.5 | 45 Preoperative 
20 3127.5 33.5 | 40.5 | 45 


Jan. 12 20 28 5 | 33 40 44.5 | Postoperative left 
23 33 40 47 48 femoral throm- 
bosis 
































* Patient died and an intact thrombus was found in the left femoral vein at autopsy. 


Since October 15, 1939, leg measurements have been made on 269 
urological patients. Not infrequently in patients who have no 
thrombosis one leg will be slightly larger than the other at the time of 
admission. These variations are rarely more than 1 to 1.5 cm. at 
any level and usually are not present along the entire leg. Any 
pronounced or diffuse asymmetry on admission must be considered 
as a possible pre-existing thrombosis until proved otherwise. 

Repeated measurements on the same normal leg may vary as much 
as 1 to 1.5 cm. at various levels, depending on the amount of tension 
used on the tape. These normal variations usually are not uniform 
along the entire leg. If the measurements are done carefully and at 
the same 10 cm. levels each time, the variations will be minimized. 
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It has been found that most patients have some decrease in the size 
of their legs during bed rest, irrespective of treatment. Any diffuse 
increase in the size of one or both legs over the admission measure- 
ments suggests thrombosis, with 2 common exceptions: (1) cardiac 
decompensation and subsequent peripheral edema, and (2) some 
neurological lesions which affect the lower extremities. Dr. Kenneth 
L. Pickrell has measured the legs of patients on the neurosurgical 
service during recent months and has found that “homolateral hemi- 
edema of some degree usually will occur if the onset of hemiplegia is 
sudden. The edema usually starts shortly after the onset of the 
hemiplegia or monoplegia and may be fully developed in 4 to 7 days, 
and is usually more marked when associated with sensory dys- 
function.” 

By applying these criteria, 9 cases of thrombosis in the lower ex- 
tremity have been recognized on the urological service since routine 
leg measurements were started. In one additional case we failed to 
make an antemortem diagnosis of thrombosis because of erroneous 
interpretation of the measurements. In this case one leg showed 
uniform increases of 1.5 to 2 cm. at each level just before the patient 
died. The increase was considered to be within the normal limits of 
variation, but the uniformity of the increase along the entire leg 
should have suggested very early thrombosis. This 82 year old man 
died of massive pulmonary embolism 3 weeks after a suprapubic 
cystostomy under spinal anesthesia. 

Of the 9 cases of thrombosis diagnosed clinically, 3 were recognized 
before operation and 6 occurred postoperatively. One patient died 
of massive pulmonary embolism, confirmed by autopsy, without 
being subjected to operation. This occurred despite bed rest and 
the usual conservative measures. Another patient later had a trans- 
urethral resection of the prostate and made an uneventful recovery. 
The third preoperative case had thrombosis of one leg on admission, 
subsequently developed thrombosis in the other leg and after 2 
months, and complete recovery from the thromboses, died of a 
urinary tract infection complicated by severe septicemia. 

One postoperative case died of pulmonary embolism, confirmed by 
autopsy, despite bed rest. Two postoperative patients died but no 
embolism was found at autopsy and the thrombus was intact in the 
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femoral vein in each case. The other 3 post-operative patients are 
living and well. 

Seven of the 9 cases later developed the classical signs of thrombo- 
phlebitis which probably would have been recognized eventually by 
any standard, but the leg measurements permitted earlier diagnoses 
and immediate treatment. Two cases undoubtedly would have been 
unrecognized except for routine leg measurements. Both of these 
patients had the common complaint of vague lower leg discomfort 
during their postoperative stay in bed. While some examiners 
thought this was of no significance, the leg measurements revealed 
definite but inconspicuous increases in circumference in these areas. 
Both patients were treated for peripheral thrombosis and recovered 
completely. 

Treatment in each case consisted of bed rest, absolute quiet, ele- 
. vation of the affected leg, and the application of dry heat. This 
was continued until the patient had been afebrile for 4 to 5 days, and 
the leg measurements had returned to normal. If the increase in 
circumference did not recur when the affected leg was dependent, 
graduated exercises were instituted and the patient was allowed to 
get up. The bed rest in most cases had to be maintained for 2 to 3 
weeks. 


RECOMMENDATIONS 


Evaluation of all the many prophylactic measures which have been 
proposed during recent years is beyond the scope of this report. The 
following recommendations have been based entirely on the analyses 
of this series of pulmonary embolism cases. 

i. Continuous intravenous infusion sets should not be used unless 
absolutely necessary. 

2. Every effort should be made to prevent peripheral venous stasis 
by adequate treatment of associated circulatory diseases, avoiding 
excessive falls in blood pressure during operation, early treatment of 
any postoperative abdominal distension, and elimination of unneces- 
sary pressure on peripheral vessels due to the position of the patient 
on the operating table or in bed. Tight strapping of patients on 
the operating table and injudicious use of heavy sand bags also may 
result in venous stasis and thrombosis, and should be avoided. 
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4. Wound infections should be minimized by careful aseptic opera- 
tive technique and the use of mild bacteriostatic agents (e.g. aqueous 
mercurochrome) during operation. Adequate drainage of post- 
operative abscesses should be established immediately. 

5. Meticulous care should be employed in any postoperative 
instrumentation near the operative site. 

6. The greatest need is recognition of thrombosis in the lower ex- 
tremity when it does occur. Routine leg measurements should 
minimize the number of oversights and are recommended for all 
hospital patients. The legs should be measured carefully on admis- 
sion, before operation, and before getting the patients out of bed. 

7. Any untimely activity, including careless use of bed pans, 
should be avoided in the presence of thrombosis. Many types of 
treatment have been suggested for thrombosis. We are convinced 
that absolute bed rest is the most conservative and most practical 
form of treatment, and if continued long enough it will result in 
adequate fixation of any type of thrombus. 


SUMMARY 


During the past 20 years 6.62 per cent of all the postoperative 
deaths on the urological service were due to proved fatal pulmonary 
embolism. All of the 8163 operations performed during the same 
period have been reviewed and 88 cases of postoperative pulmonary 
embolism found. These include 5 types of cases: (A) proved fatal 
embolism (32), (B) presumptive fatal embolism (11), (C) pulmonary 
infarcts with recovery (21), (D) infected pulmonary infarcts (4), 
and (E) incidental pulmonary infarcts (20). 

Eight additional cases of fatal pulmonary embolism, proved by 
autopsy, occurred in patients who had not been subjected to 
operation. 

Each group of cases has been analyzed in an attempt to determine 
the contributing factors. Several prophylactic measures have been 
recommended. 

In most instances, the predisposing venous thrombosis was not 
diagnosed clinically. Several patients were subjected to operation 
or allowed out of bed in the presence of unrecognized thrombosis in 
the leg, with fatal results. 
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Routine leg measurements, at 10 cm. levels beginning at the lower 
level of the external malleolus and extending as high on the thigh as 
possible, on admission, before operation and before getting the pa- 
tients out of bed, have been inaugurated in the hope of recognizing 
more cases of peripheral thrombosis and thus reducing the incidence 
of pulmonary embolism. The results have been encouraging and leg 
measurements are recommended as a routine procedure for all hos- 
pital patients. Any diffuse increase in the size of one or both legs 
over the admission measurements should suggest venous thrombosis. 
Other causes of enlargement are mentioned in the paper. Absolute 
bed rest should be instituted at once in all cases of peripheral 
thrombosis in an effort to prevent embolism. 


I wish to acknowledge my indebtedness to Dr. Arnold R. Rich for his advice 
in oy this study. 
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In view of the enormous amount of work that has been done in 
experimental tetanus over many years it is surprising that there 
should still be disagreement about so fundamental a factor as the 
lethai dose of toxin, that certain precautions essential to precise 
experimentation should still be frequently neglected, and that the 
records of many important experiments in this field should still fail 
to provide data which would enable other investigators to repeat 
these experiments accurately. We have thought that it might be of 
help to other workers in experimental tetanus to review these prob- 
lems in the light of information accumulated by workers in many 
countries. We shall also include some recent observations of our own. 


I. THE STANDARDIZATION OF TETANUS TOXIN 


In his excellent monograph Fildes (8) remarks, @ propos of the whole 
question of experimental tetanus, that “with regard to the accuracy 
of measurements of the minimal lethal dose it is necessary to point 
out that most authors do not mention whether the m.l.d. they de- 
scribe is capable of killing all animals inevitably or only a proportion 
of the animals. It will be noticed ...that far-reaching deductions 
are often drawn from results following inoculation of one or small 
multiples of the m.l.d. and it should always be borne in mind (with- 
out labouring the point further) that these multiples may not have 
been fatal doses in particular instances.” The situation in this 
respect has improved somewhat in the eleven years since Fildes wrote, 


1 Aided by a grant from The John and Mary R. Markle Foundation. 
The authors are grateful for the help and advice of Dr. B. Hampil of Sharp and 
Dohme, Inc. 
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but most writers on the subject still leave their readers very much 
in the dark as to exactly how much toxin was injected. Lacking 
some standard measure for the strength and quantity of toxin in- 
jected, one cannot compare the experiments of various investigators; 
nor can an investigator be sure of repeating accurately his own 
experiments, for toxins deteriorate and what might have been a 
lethal dose some months before may have become less than a lethal 
dose later. 

A practicable method for the standardization of tetanus and other 
toxins has long existed in the bio-assay which, when statistical meth- 
ods are employed, has enabled investigators to establish reliable 
standard “units” for the efficacy of many toxins, antitoxins, hor- 
mones, and drugs. The standard used should of course be one that 
can be determined accurately and easily. But just which standard 
is employed matters little so long as investigators will use it and will 
in their reports define their standard and give the relationship be- 
tween the standard and the toxin doses used in their experiments. 
In all the work on tetanus reported from this institution since 1936 
the doses of toxin have been given in terms of the guinea-pig median 
lethal dose? or G-P LD50 which, by definition, is that amount of 
toxin which when given to each of a large number of guinea-pigs 
weighing 350 grams will kill 50 per cent of the animals within 5 days. 
In experiments with animals larger than guinea-pigs we have always 
expressed the amounts of toxin given as so many G-P LD50’s per 
kilogram or other unit of body weight. It is a simple procedure to 
assay any tetanus toxin in terms of the G-P LDS50 according to the 
method of assay used in this laboratory since 1936 (2). 


2 The advantages of expressing toxicity in terms of a median lethal dose were 
well described in 1927 by Trevan (35). He pointed out that the “minimal lethal 
dose” as commonly described may vary from a dose just sufficient to kill only an 
occasional animal to a dose just large enough to kill all the animals, and that the 
latter may be twenty times as large as the former. He showed that of the three 
different values which afford the best estimates of the toxicity of the drug for the 
average animal of the species, the median lethal dose is the most advantageous 
because the whole mortality curve need not be mapped out for its determination 
and because it is in the neighborhood of doses with the minimum relative error 
of determination whereas the two extremes of the “minimal lethal dose” have 
indefinitely large errors. 
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The actual procedure in assaying is illustrated in Tables 2 and 3. Usually we 
make up only one dilution of the toxin. Variations of dose are obtained by alter- 
ing the total volume of solution injected. We try to provide a range of dosage 
sufficiently great to ensure that deaths occur in some groups whereas in other 
groups the animals live; at least two of the doses should fall slightly above and two 
slightly below the LD50 dose. At least two animals should be injected with each 
dose in the midportion of the range. 

The weights of the animals should be fairly close to the standard weight. We 
use animals weighing from 330 to 370 grams, a range of 20 grams above and below 
our standard. At times we have been forced to include a few animals with weights 
outside this range. To all such assays we have, for our own information, applied 
a weight correction factor. In a few instances data so corrected have made it 
easier to determine the LD50. In no instance has this correction changed the 
result of the assay by more than 5 per cent, and in most cases the result has been 
changed by less than 1.5 per cent. 

The statistical basis for our assay has been fully described (2). Other methods 
for calculating the LD50 from the experimental data have been suggested by 
Bliss (3, 4) and Gaddum (15). These methods are much more complicated and 
time-consuming than the method we use. Dr. Fertig of the Department of Bio- 
statistics in this university very kindly prepared a modification of Bliss’ method 
suitable for our data, and we made the necessary calculations for more than 30 
experiments. The results were so nearly identical with the results obtained by 
our simpler method that it did not seem worth while to adopt the more cumber- 
some procedure for so few animals. 


II. VARIOUS PRECAUTIONS TO BE OBSERVED IN EXPERIMENTING WITH 
TETANUS TOXIN 


In our work, for the sake of convenience, we have always used a 
liquid toxic filtrate except in routine assays of antitetanic sera, in 
which we used the standard dried toxin. The dried precipitated 
toxin, as a rule, contains considerable ammonium sulphate, a salt 
that would be a disturbing factor in intraspinal and intramedullary 
injections. The difference in the degree of purity is negligible. 
There is no significant difference between the physiological action 
of the dried and of the liquid toxin. Then, too, with liquid toxin it 
is easier to follow the decrease in potency. The most important 
control in experimental work with tetanus toxin is the frequent re-assay 
of the toxicity of the filtrates. Toxic filtrates deteriorate with age, and 
unless very close track is kept of the rate of deterioration it is impos- 
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sible to place any confidence in quantitative estimations.* We have 
found that fresh potent toxic filtrates kept in sterile rubber-stoppered 
vials at 2° to 4°C. in the dark suffer very little loss of toxicity during 
the 2 or 3 months they are in use.‘ Some writers speak of “‘sudden 
deterioration of the toxin in the ice-box” (13), of “considerable {four- 
fold] differences” (14) or of “marked variations” (38) in the toxicity 
of a single toxin, or of a “drop much below its initial value even in 
24 hours” (8). We have never encountered such sudden or marked 
differences after the filtrate has aged for a few days, and we believe 
that they should not occur when proper care is exercised in preparing 
and storing the toxin filtrate and in determining its toxicity. 

Toxic filtrates are easily destroyed by heat® (7) and by light (20), 
by oxidizing agents, and by photodynamic substances (33, 19). To 
reduce loss of toxicity due to heat we keep the broth in the ice-box 
until used and we place all dilutions in a beaker containing water 
and ice. If a dilution cannot be used immediately it is kept away 
from the light in the ice-box. We use no dilutions that have been 
made up longer than 30 minutes. 

Precautions must also be taken in diluting the toxic filtrates. Dilu- 
tions made with distilled water or normal saline solution lose toxicity 
rapidly and pronounced irregularities are sometimes observed in the 
reaction of duplicate test animals to toxin-saline dilutions (2, 6, 
28, 16). These errors are not observed when the diluent is fresh 
beef-extract broth having a pH of 7.0 to 7.2. Our results with this 
diluent have been uniformly regular. There has never been any 
disproportion between the toxicity of the undiluted filtrates and of 
the dilutions. 


We have never studied in this laboratory the question of the potentiation of 
tetanus toxin by various substances. Ricketts and Kirk (28) found that saline 





3 To eliminate errors due to decrease in toxicity Dr. Abel assayed his toxin every 
time it was used in an experiment; however, in laboratories where toxin is being 
injected into animals several days a week it is not practicable to assay the toxin 
so often. We assay our toxins about every two weeks. 

* Kitasato (20) states that some of his toxic filtrates kept in the cold and the 
dark suffered no loss of toxicity in over 300 days. 

5 It is said that toxin is detoxified by a temperature of 65°C. for 5 minutes, 
60°C. for 20 minutes, 55°C. for 90 minutes (20). 

® We have investigated the apparent destruction of tetanus toxin by minced 
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dilutions of tetanus toxin are apparently rendered more toxic by the addition of 
goat serum, egg albumen, or broth, or by the injection of these substances into the 
animal before injecting the toxic dilutions, even though the two fluids are injected 
into different parts of the body. They found that a relatively small quantity of 
the goat serum has a greater effect than a larger quantity. They concluded that 
the action of the serum depends on some temporary influence on the tissues, making 
them more susceptible to the toxin; or possibly these substances prevent the “‘non- 
reacting” tissues and organs like the liver from taking up their usual share of 
toxin, and thereby make more toxin available to the tissues of the nervous 
system. 

Bronfenbrenner (5) found in the case of botulinus toxin that sodium chloride 
and many other salts of metals have a direct deteriorating effect upon the toxin; 
that the effect is more noticeable the higher the dilution; and that in the presence 
of a low concentration of salts the addition of serum or broth seems to protect 
the toxin from deterioration. 

Condrea and Poenaru (6) found that dilutions of tetanus toxins in one per cent 
peptone water were from 50 per cent to 600 per cent stronger than dilutions in 
physiological saline. They also found, as had Ricketts and Kirk, that the peptone 
had the same effect when injected separately into the animal. They concluded 
that the clostridium tetani produces a pro-toxin which is capable of becoming 
toxic by the intervention of a non-specific activating substance which is present 
in the broth of the culture medium and in peptones. No incubation is required 
to produce the reaction between the pro-toxin and the activating substance. 

Halter (16) investigated the question carefully and concluded that tetanus 
toxin deteriorates rapidly in salt solutions (due to oxidation) and that peptone 
protects against this deterioration. We agree that peptone does not really 
potentiate tetanus toxin. 

Zuger, Hollander and Friedemann (38) accept Halter’s conclusion. They then 
present evidence to show that tetanus toxin may frequently be potentiated by a 
heat-stable, alcohol-soluble, acetone-insoluble factor present in the muscle, liver, 
and kidney of the guinea-pig or in saline extracts of these tissues, and present in 
the muscles of the rabbit and the chicken. The potentiating effect is apparently 
not due to an increase of the toxin because potentiated and unpotentiated toxins 
are usually neutralized by the same amounts of antitoxin. Potentiation is also 
observed with sodium acetate, citrate, and glycocholate, and with Wassermann 
antigens. The value of these interesting experiments is lessened by the facts 
that (a) the control dilutions of toxin were apparently made up in salt solution, 
(b) the same toxin in the same experiment sometimes showed no potentiation, 
and (c) one toxin showed wide variations in toxicity. The authors state that 
their failure to obtain potentiation in some experiments was probably due to the 
fact that some samples of toxin are apparently already fully potentiated in the 
spinal cord as reported by Wassermann and Takaki (37). We found, as have 
others, that minced spinal cord does not destroy tetanus toxin. A short paper 
describing our experiment will be published shortly (12). 
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toxin broth. They suggest, therefore, that the “lethal dose” may not be a true 
measure of the actual amount of toxin. On the basis of the evidence presented 
we are unable to accept this suggestion because the only failure to obtain potentia- 
tion which the authors report was in the case of a toxin which had already showed 
decided potentiation. A toxin is either fully potentiated in the toxin broth or it 
is not fully potentiated; it cannot be in both conditions. Although it may 
eventually be proved that various procedures can actually make tetanus toxin 
more lethal, in experimental tetanus of the type heretofore reported and in im- 
munological work the “lethal dose” will doubtless still be the truest measure of 
the toxicity of the liquid or dried toxins. 


It is, of course, necessary to determine at regular intervals that the 
toxic filtrate is still sterile. This control is especially important if 
the toxin is to be injected into the spinal cord or brain stem. 

We have not attempted to determine whether periodic or seasonal 
variations occur in the toxicity of filtrates. Such variations have 
been noted in regard to other drugs and toxins (35, 32). One summer 
in Abel’s laboratory a filtrate seemed to show a change in toxicity for 
dogs while maintaining its usual toxicity for guinea-pigs (17). Pos- 
sibly the summer heat in Baltimore had something to do with the 
appearance of this isolated phenomenon. Herwick, Weir, and Tatum 
(18) studied the question over a 2-year period, using about 100 guinea- 
pigs. They found that during the summer the amount of tetanus 
toxin required to kill the animals was smaller than the amount re- 
quired in the winter. They concluded on good evidence that the 
differences were due to the condition of the animal and not to changes 
in the toxin. In this laboratory no tetanus work is done during July 
and August. Frequent re-assays of the toxicity of the filtrates should 
eliminate any significant errors due to periodic variation. 


Ill. THE ROUTE BY WHICH THE TOXIN IS ADMINISTERED 
A. Intravenous, Intramuscular, and Subcutaneous 


Many investigators claim that the minimal lethal dose is larger 
when the toxin is injected intravenously than when it is injected 
intramuscularly. (See Table 1.) On the other hand, a recent 
writer (14) states that in his investigations the intramuscular lethal 
dose was approximately twice as large as the intravenous lethal dose 
in guinea-pigs weighing from 250 to 300 grams. In 1933 van den 
Hoven van Genderen (36) for the first time, apparently, in the history 





LETHAL DOSE OF TOXIN IN TETANUS 31 


of tetanus gave serious attention to this matter. He showed quite 
clearly that in guinea-pigs and in rabbits if one or more lethal doses 
are given there is no appreciable difference in toxicity between in- 
travenous, intramuscular, and subcutaneous injection of toxin when 
the standard test period (5 X 24 hours) is used. Abel (1) in experi- 
ments with sheep and with dogs concluded that ‘when one injects 
from one to four or five lethal doses, while there may be slight differ- 
ences in the time of the first appearance of symptoms, the time of 
death is practically independent of the mode of injection.” 

In the tetanus work done in the Surgical Hunterian Laboratory 
we have never noted any difference between the intramuscular and 
the intravenous lethal dose in dogs, cats, guinea-pigs or mice. But in 


TABLE 1 
Relative lethal dose of toxin according to the route of administration 





INTRA- | SUBCU- 
ANIMAL uus- | tan- | INTRA- AUTHOR 
CULAR | EOUS 





Quadu (26) 

Knorr (21) 

Marie (24) 

Sawamura (30) 

Fildes (8) 

Friedemann (14) 

van den Hoven (36) 

Lamont, Firor, and Shumacker 


Guinea-pig 
Rabbit 
Rabbit 


oo 


Rabbit 

Guinea-pig 

Rabbit and guinea-pig 
Guinea-pig 














eens na 





view of the persistence of the divergent reports mentioned above we 
have thought it worth while to repeat some of van den Hoven’s experi- 
ments on guinea-pigs. 

Our experiments were simple: We determined the median lethal 
dose or G-P LD50 for intravenous and intramuscular injection accord- 
ing to the standard method (2) we use for assaying the strength of 
toxins. It will be seen from Tables 2 and 3 that there is no appreci- 
able difference between the intramuscular and the intravenous median 
lethal dose whether the standard test period (5 X 24) or a longer 
period is used. In Table 4 we present data in regard to a different 
tetanus toxin. The results are the same. 

In conclusion, therefore, it is obvious that there is no appreciable 
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difference in the lethality of toxin when one or more median lethal 
doses are injected intravenously, intramuscularly, or subcutaneously. 
TABLE 2 


Bio-assay of bacterial (C. tetani) filtrate no. 641 G (Lederle Laboratories), comparing 
intramuscular and intravenous routes of administration. Nov. 27, 1939 





TOXIN 1:100,000 TOXIN GIVEN INTRAMUSCULARLY TOXIN GIVEN INTRAVENOUSLY 





Survival in 
Dilution if days 
1 cc. had 


ce. 
been given* 


Amount of diluted 


toxin given 
| No. dead in 5 X 24 
hours 
No. alive in 5 X 24 
ae xX 24 
hours 
le xu 
hours 








NNN 
NNN 
ooocco 


455 : ‘ 45 

6-7 : ‘ 5 
5 ‘ 5 

5-7 ‘ 5-7 








333.000 ‘ Indefinite ‘ Indefinite 
400.000 . Indefinite ; Indefinite 









































Result of assay in guinea-pig median 
lethal doses per cc 255,000 








Average weight of guinea-pigs (grams). 345.6 338.6 





* This means that if, for example, we took 0.8 cc. toxin 1: 100,000 and added 0.2 cc. of a 
diluent to make a volume of 1 cc., the resultant dilution or strength of toxin in this 1 cc. 
would be 1:125,000. 

+N = the number of animals that died at any one dose and at any smaller dose. 
M = the number of animals that lived at any one dose and at any larger dose. 
p N+1 

“N+M+4+2 

A complete explanation of the formula is to be found in Section 2 of Paper V in Abel’s 
series (2). 


B. Injection into Lumbar Cord or Medulla 


It has been known for 40 years that when toxin is injected into the 
lumbar cord or medulla the lethal dose is very much smaller than 
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when toxin is injected intramuscularly. We have recently made a 
study of this point on a large series of animals (9, 10, 11) and have 
found that cats, dogs, and monkeys all succumb to approximately 
the same amount of toxin per kilogram of body weight (31). Owing to 


TABLE 3 


Bio-assay of bacterial (C. tetani) filtrate no. 641 G (Lederle Laboratory), comparing 
intramuscular and intravenous routes of administration. Jan. 10, 1940 





TOXIN 1:200,000 TOXIN GIVEN INTRAMUSCULARLY TOXIN GIVEN INTRAVENOUSLY 





Survival 
in days 


Amount of diluted 
toxin given 

No. dead in 5 X 24 

No. alive in 5 X 24 


No. dead in 5 X 24 
No. alive in 5 X 24 


% 
a 


200.000 ‘ ‘ ‘ 4 
222.000 ‘ ‘ -6 | 5-6 
235.000 ‘ 33) 6-7 
250.000 : -28| 5-7 
286 .000 ; ‘ 8 
308 .000 : , 8 








o-e 
co 8 















































Result of assay in guinea-pig median 
lethal doses per cc 





Average weight of guinea-pigs (grams). . . 








* See Table 2, second footnote. 


TABLE 4 
Relative survival after intramuscular and intravenous injection of tetanus toxin 
Each guinea-pig received 2 guinea-pig LD50’s of toxin 713.4 (Sharp and Dohme) 





TOXIN INJECTED INTRAMUSCULARLY TOXIN INJECTED INTRAVENOUSLY 





Survival in days Survival in days 
No. of ani No. of animals 
Range | Average Range Average 


17 | 2-5 | 3.35 8 34 3.25 














the technical difficulty of injecting a sufficiently large group of ani- 
mals with the same dilution of toxin on the same day we have not 
determined accurately the intracordous median lethal dose, and 
therefore the corresponding figures in Table 5 are only approximate. 
The doses for the injection of tetanus toxin into the medulla spinalis 
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of the dog are as follows: 9.5 G-P LDS0’s per kilogram kill 50 per 
cent of dogs within 2.5 days. 2.0 G-P LD50’s per kilogram kill 50 
per cent of dogs within 5 days. 0.42 G-P LDS50’s per kilogram kill 
5 per cent of dogs within 10 days. 


C. Other Routes 


The minimal lethal dose of toxin when injected into the cerebrum of animals 
apparently varies widely. Roux and Borrel (29) and van den Hoven (36) found 
that in rabbits the intracerebral lethal dose was much smaller than the intravenous 
or intramuscular, and that in guinea-pigs the intracerebral lethal dose was the 
same as, or larger than the subcutaneous or intravenous. In the rat the intra- 
cerebral lethal dose is said (8) to be larger than the intramuscular. We have 
done little work on the problem because cerebral tetanus is never seen in the 
natural disease; it is purely a product of the laboratory. We have injected as 
much as one-fifth of the dog median lethal dose into the cerebrum of dogs without 
producing symptoms of this disease or death. 

Toxin injected into the cerebrospinal fluid is said to have the same lethality 
and action as when injected into the blood stream unless there is injury to the 
cord or brain (27). Toxin placed in an intact gastro-intestinal tract produces no 
ill effects (34). 

It is stated that the toxicity in the same species varies with the point of injec- 
tion (23); the more central in relation to the central nervous system, the smaller 
the lethal dose (30). We have never found this to be so, except when toxin is 
injected into the spinal cord or medulla. 


IV. THE RELATIVE LETHAL DOSE IN DIFFERENT SPECIES 


Probably the lack of competent assays accounts for the confusion 
in regard to the relative lethal dose for different species. In Table 
6 we list various estimates of the susceptibility of different species. 
To facilitate comparison between the species we have calculated the 
estimates with the guinea-pig as the point of reference. Fildes’ 
table was compiled from the literature, and the figures for mice, 
guinea-pigs, rabbits, and cats were confirmed by him. Abel’s table 
was partly compiled from the literature and partly based on his work 
on horses, guinea-pigs, monkeys, sheep, and dogs. The estimates 
attributed to Friedemann have been calculated by us from his data 
on the injection of toxin intramuscularly (14). The figure for the 
cat in this column may be inaccurate for he does not state the weights 
of his cats. 
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TABLE 5 
Dosage for injection of tetanus toxin into lumbar cord 





THE NUMBER OF G-P LDSO’S PER KILOGRAM WHICH KILLED 





Within | ert 
5 X 24 hours | Within 10 X 24 hours 





50% of the | Less than | 
animals | 45% | 





3.0 1. 
m2? | 8: 
10.0 1. 








| 





* Expressed in G-P LD50’s per kg. 


TABLE 6 
Relative amount of tetanus toxin required to kill one gram of animal 


FRIEDE-| | LAMONT, FIROR, AND SHUMACKER 
MANN 








CALCU- , Lethal 
FILDES (8) | LASED Experi- Wt. in kg. of test dose used 
BY US mental animals 
FROM based 
HIS EX- on 
PERI- LDSO 
MENTAL 5 X 24 
DATA 











239936 





.0* 
0 


2 
3 
150 
12* 
1200* 
6000 
24,000 | | 
180,000 | | | 








Riiicnusck 

















* Those figures marked with an asterisk have been determined experimentally by 
Fildes and Abel. 

t Personal communication. 

t The experiments on which these figures are based are reported in various papers by 
von Behring. Most of the results are summarized on page 231 of his Einfiihrung in die 
Lehre von der Bekiimpfung der Infektionskrankheiten, Berlin, 1912. Arthur Buzello gives a 
convenient review and summary of this work on page 40 of his monograph Der Wundstarr- 
krampf beim Menschen, Stuttgart, 1929, which was published as volume 45 of the Neue 
Deutsche Chirurgie. 
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Our own estimates are based on the determination of the median 
lethal dose (at 5 X 24 hours) for each species tested. The same 
toxin was used throughout and was injected intramuscularly. The 
weights of the mice and of the guinea-pigs were nearly constant. 
In the larger animals where the weights varied more widely the toxin 
dosage to be given was calculated on a per kilogram basis.’ The ani- 
mals were all mature but young. 

It should be remembered that the median lethal dose as we define 
it will kill only half of a large number of test animals within the 
stated time, 5 < 24 hours, but this same dose will in fact kill all the 
animals within 7 or 8 days. Indeed, half the LD50 will almost in- 
variably kill all dogs within 10 days. For the sake of convenience 
in our experimental work on dogs, cats, and monkeys we have ar- 
bitrarily adopted the doses shown in the last column of Table 6 as 
our species lethal dose. These doses are from one-half to three- 
quarters of the 5-day LDSO. 

Table 6 shows that there are significant differences in the estimate 
of species sensitivity to tetanus toxin. Probably the ages and the 
weights of the test animals account for a small part of the differences, 
but doubtless the absence of any one standard method of determining 
toxicity accounts for most of the differences. It has been suggested 
that different breeds of the same species vary in their susceptibility 
to tetanus toxin (25). We thought that such a variation might 
account for part of the very considerable differences in the estimates 
of the relative susceptibility of the rabbit. We determined the 
LDS0 for 10 pure-bred New Zealand Whites, 16 pure bred Chinchillas, 
and 22 mixed-breed rabbits (10 were a cross between Checkered Giant 


7 Van den Hoven (36) states that in the rabbit, at least, the lethal dose does not 
increase strictly according to the weight; however, reference to his original article 
will reveal that the doses were not spaced closely enough to each other nor were 
sufficiently large numbers of animals used to make possible a very accurate deter- 
mination of this point. We should not expect to find always an exact correlation 
between weight and lethal dose, but we have never discovered a more convenient 
method for calculating doses. We use none of the formulae involving surface 
area. We simply decrease or increase the dose strictly according to the weight 
and not according to a fraction or multiple thereof. Even when the weights of 
the animals varied considerably we have never obtained any significant difference 
in results that could be correlated with the variations in weight. 
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and Flemish Giant, 12 were a cross between Flemish Giant and Hare 
Brown). No significant difference could be detected in the suscepti- 
bility of these different breeds. Perrin and Cuénot (25) stated that 
albino guinea-pigs are less sensitive to tetanus toxin than colored 
guinea-pigs. Halter (16) investigated this point and could find no 
difference. Albinos have made up about 40 per cent of the several 
thousand guinea-pigs used in the tetanus work here. We have never 
found any difference when guinea-pigs of approximately the same 
age and weight are used. 


We have made no investigation of the relation between the age of the animal 
and its susceptibility. The older animals are commonly thought to be less sensi- 
tive to toxins in general (32). In the case of tetanus this fact may be partly due 
to the presence of antibodies formed under the influence of germinating spores 
in the intestinal tract. 


Some of the earlier writers state that the relative susceptibility 
of species* may vary greatly with different lots of tetanus toxin. As 
recently as last year it was reported (13) that with intracerebral 
injections of various tetanus toxins the susceptibility per gram of 


body weight of the guinea-pig as compared with that of the rabbit 
varied from 10.0 to 0.6.° In about half of these experiments, there- 
fore, the guinea-pig was less susceptible per gram of body weight than 
the rabbit. It is significant that in this report no mention is made of 
a statistical determination of the toxicity of each toxin, the lethal dose 
is not stated to be minimal or median, the test period was seven days, 
and no mention is made of the diluents used. That variations of 
such magnitude can occur seems most unlikely. As far as we can 
find, no other recent workers have reported such variations. We 
have reviewed our experimental protocols for the last five years and 
can find no indication of such differences in the ratios of the lethal 
doses of mice, guinea-pigs, cats, dogs, and monkeys although during 
this time about 20 different toxic filtrates have been used on several 
thousand guinea-pigs, over 900 dogs, over 600 mice, over 200 cats, 

8 For example, the ratio 5 a per gram of body weight. 

® The relative susceptibility in similar experiments was found by Roux and 
Borrel (29) to be 2.5; by van den Hoven (36), 2.4. 
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and several dozen monkeys. Llewellyn Smith (22) tested 3 different 
toxins on mice and guinea-pigs and found that the mouse was from 
3.0 to 4.3 times as resistant per gram as the guinea-pig. The greatest 
difference between the ratios was only 1.4. 

It seems improbable that the relative susceptibility of species should 
vary with different lots of tetanus toxin, for we now know that many 
drugs, biological materials such as hormones, and toxins and other 
poisons have a relatively uniform action on large groups of healthy 
animals and that the relative dose per unit of weight for different 
species has a very stable ratio. 


SUMMARY 


1. Unless the dose of toxin is exactly defined and accurately de- 
termined, valid conclusions cannot be drawn from experimental work 
with impure substances such as tetanus toxin, nor can the results 
obtained by different workers be compared. 

2. Various precautions are described which must be observed if 
consistent results are to be obtained. 

3. Observations are recorded concerning the effect of varying the 
route of administration of the toxin. 

4. The relative susceptibility of different species to tetanus toxin 
is discussed. 
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Rademaker’s description (1927, 1931) of the placing and hopping 
reactions and his demonstration that in the dog contact? placing was 
permanently abolished and hopping rendered hypermetric in the op- 
posite limbs by unilateral removal of the cerebral cortex have made it 
profitable to examine anew the effects of cortical ablation in a variety 
of animals. The precise character of these postural responses, their 
easy elicitation and the permanence of the deficiencies make them 
valuable indicators in studies of sensori-motor functions. 

Bard (1933) showed for the cat that these reactions of the contra- 
lateral legs were affected by unilateral decortication to the same degree 
as Rademaker found for the dog and demonstrated that contact and 
proprioceptive reactions were as greatly disturbed by removal of one 
somatic sensori-motor area as by unilateral ablation of all neural 
tissue above the hypothalamus. Conversely the reactions remained 
entirely normal when all cortex except the sensori-motor area was 
removed. Brooks (1933) found essentially the same facts to be true 
for the rat. Woolsey (1933) removed the electrically excitable 
“motor” cortex of the dog and obtained deficiencies of the contact 
and proprioceptive reactions comparable to those reported by Rade- 


‘A preliminary report of this work appeared in the Amer. J. Physiol., 1936, 
116: 17. 

2 In this paper distinction is made between the terms contact placing and tactile 
placing; the latter is employed whenever the method of testing was such as clearly 
to restrict stimulation to the hairs of the part tested, or when the part tested was 
touched to the hairs of a piece of fur. Contact placing is used when such pre- 
cautions were either not taken or not specified. 
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maker for complete hemidecortication. More recently Woolsey and 
Bard (1936; Bard, 1938) have studied the monkey (Macaca mulatta) 
and have found in this animal more highly developed reactions with 
correspondingly greater dependence upon the cerebral cortex; after 
unilateral decortication both placing and hopping of the contralateral 
limbs were completely and enduringly abolished. In addition it was 
possible to analyse the relative réles of cortical sensory and motor 
components in the management of the reactions. In reptiles (Bard, 
Brooks and Lowry, 1932; Longmire, 1937) placing and hopping occur 
in much simpler form and are entirely independent of cortical control. 
Thus there is evidence of progressive encephalization of these func- 
tions from reptiles to primates. 

Study of these reactions in the rabbit is of interest because there is 
evidence in the literature (Huber, 1934) suggesting that this animal 
represents phylogenetically a transitional stage, in which the foreleg 
has gained motor representation in the cortex while the hindleg still 
remains largely or completely under subcortical control. Although 
the evidence derived from electrical stimulation experiments indicates 
that motor functions of the forelegs are much more corticalized than 
are those of the hind, the degree of cortical control over the hindlegs is 
in dispute. Several workers, including the most recent (Swank, 
1936), have been unable to obtain hindleg movements, while others 
(See Huber, 1934) have affirmed the existence of a responsive hindleg 
area. 

Disagreement also exists as regards the presence of a projection 
system from the cortex to lower regions of the rabbit’s cord. Huber 
(1934) concluded that in this animal “there evidently exists a definite 
anatomical basis for positive cortical motor response of the hind 
limbs.”’ But such evidence, as Swank points out, has been derived 
from studies on normal histological material. There is no evidence 
based on degeneration experiments to confirm this. Miinzer and 
Wiener (1902), Van der Vloet (1906), Simpson (1914) and Brouwer 
(1933), using the Marchi method, followed degenerations of the corti- 
cospinal system through the decussation into the lateral funiculus of 
the cord, but degenerations in the cord were reported to be few and 
the extent to which they descended in the cord was not adequately 
described. Swank (1936) using a modified Marchi method (Swank 
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and Davenport, 1934) was unable, after purely cortical lesions, to 
trace degenerations below the first cervical segment, although after 
more extensive cerebral ablations, involving the basal ganglia, de- 
generations were observed as low as the fifth cervical segment. These 
fibers were assigned a subcortical origin. He concluded that even for 
the foreleg there were few direct cortical efferent projection fibers. 

Previous cortical ablation experiments in rabbits have yielded 
only transitory effects upon the motor performance of either limb. 
Laughton (1928) found that symptoms (‘paresis and rigidity’’) 
persisted for but 10 to 12 days, and Swank remarks that “in no case 
of simple cortical extirpation was paresis or increased muscle tone 
noted after operation.”’ In his opinion “paresis” is due to injury of 
the lentiform nucleus. 

We have been able to show through study of the placing and hopping 
reactions that permanent deficiencies of function do follow the de- 
struction of the cerebral cortex alone and at the same time it has been 
possible to determine to what extent these reactions have been 
brought under cortical control in the rabbit. Our studies have in- 
cluded a reexamination of the responses of the skeletal musculature to 


electrical stimulation of the cortex. The histological structure of the 
“excitable” area has been examined, and the degenerations resulting 
from typical lesions have been determined. 


METHODS 


Stimulation experiments: In 16 rabbits under surgical anesthesia the cerebral 
cortex was explored with 60-cycle alternating current (Boynton and Hines, 1933; 
Myers, 1936). A unipolar stimulating electrode was used with a large, saline- 
saturated electrode applied to the abdomen after incision of the skin to reduce 
electrical resistance. The resistance between electrodes so applied varied from 
1500 to 3500 ohms, but in most cases was around 2000. The E.M.F. required to 
stimulate seldom exceeded 2 volts and in most experiments was between 1 and 
1.5 V. Roughly, then, the current strength generally employed was approxi- 
mately 0.7 mA. If stimuli of such strength were ineffective stronger ones usually 
were not. With 3 to 4 volts “spread of current” occurred. The cortex was kept 
moist with cerebrospinal fluid only. 

As anesthetics ether or pentobarbital-sodium (40 mgm. per kg. intraperitoneally, 
with additional amounts as necessary) were employed. The latter was preferred 
since it required less attention and gave a more even anesthesia with a readily 
excitable cortex. Individual experiments lasted from 1} to 5 hours during which 
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time the cortex of one or both hemispheres was explored systematically millimeter 
by millimeter. 

Ablation experiments: All operations were performed aseptically under pento- 
barbital-sodium anesthesia. The animals quickly recovered and were studied 
for periods of from 2 weeks to 14 months. 

Although in three animals the electrically excitable areas were removed after 
identification by stimulation, most ablations were performed on unstimulated 
brains, since in the acute stimulation experiments the “motor area’ was found 
constant in extent and location. 

In the three animals in which the medullary pyramid was cut, this structure 
was approached by the parapharyngeal route. 

Histological studies: In order to correlate the results of stimulation with the 
cytoarchitectural fields of the cortex serial longitudinal and transverse sections of 
stimulated brains, fixed in 10 per cent neutral formalin, were cut in paraffin at 
25 w and stained by Einarson’s gallocyanin-chromalum method (1932). Similar 
sections were made in certain cases to check the extents of the lesions, especially 
in specimens where degenerations were traced. For the Marchi studies the usual 
technique was employed in three cases, while in four the modifications introduced 
by Swank and Davenport (1934) were followed. 


OBSERVATIONS 
A. Stimulation experiments 


Figure 1 is a summary of 16 experiments and represents the cortical 
areas from which movements of the face (F), head and neck (N), 
masticatory musculature (M), ear (E), forelimb (FL) and hindlimb 
(HL) were obtained. It also represents quite well the individual ex- 
periments; for, as can be seen from the lack of any considerable over- 
lap, the variations from animal to animal were not great. From the 
central portions of each of these areas movements were obtained which 
usually were restricted to the peripheral region corresponding to that 
area; from points where areas join, movements characteristic of the 
contiguous cortical fields were elicited simultaneously or in sequence. 
In many instances, however, the demarcation was abrupt, most 
commonly so on passing from neck to foreleg area. 

From the few square millimeters of cortex at the anterior tip of 
the hemisphere (F) movements involving the vibrissae, nostril and 
lips regularly were obtained. The vibrissal movements were prac- 
tically the only bilateral responses seen throughout these experiments. 
Although isolated retraction of the contralateral whiskers commonly 
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occurred, this movement often was accompanied by forward action 
of the ipsilateral ones. Movement of the nostril consisted in dilitation. 
Lip movements varied; frequently the upper lip was raised uni- 
laterally; at other times the angle of the mouth was retracted. A 
peculiar puffing out of the cheeks sometimes was seen, greater on the 
opposite side; this appeared to be associated with movements of the 








Fic. 1. Diagram (actual size) showing ‘‘excitable’”’ areas of rabbit’s cortex; 
F, face; N, neck; M, muscles of mastication; FL, foreleg; HL, hindleg; E, ear. 
On the left hemisphere are indicated by numbers (3-10) the sites from which the 
sections illustrated in Figs. 3 to 10 were taken. The letters (f, j, u, p) designate 
cortical areas of Droogleever Fortuyn. 


throat. In two cases (not looked for in all) stimulation of this area 
gave acceleration of respiration, the rate rising in one of these from 
20-24 to 48-56 per min. 

The responses obtained from the neck area (N) were essentially 
two: rotation of the head about its longitudinal axis so as to turn the 
chin away from the side stimulated, and contralateral flexion of the 
neck without cephalic rotation. The first of these movements was 
elicited more readily from the rostral portion of the area, the second 
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from the posterior part. However, they were not always clearly 
separable and commonly occurred either together or in sequence. 

Lateral to the neck area and extending somewhat more caudad is a 
region (M) from which masticatory responses were invariably obtained 
(Cf. F. Bremer, 1923; J. Rioch, 1934). The lateral boundary of this 
area was the rhinal fissure, the posterior boundary the indentation on 
the lateral aspect of the hemisphere corresponding to the pseudo- 
sylvian fissure of gyrencephalic brains. The responses consisted of 
repetitive chewing movements, sometimes obviously combined with 
movements of the tongue. Primary contralateral protrusion of the 
tongue sometimes occurred from the anterior portion of this area. 
Often this tongue movement was observed on stimulation of the region 
of overlap of areas F, N and M as part of a movement sequence in- 
volving seriatim the vibrissae, lip, tongue, neck and jaws. 

Behind the pseudosylvian ‘‘fissure,’’ in the region of the temporal 
cortex corresponding to Brodmann’s area 22 (Cf. Winkler and Potter), 
an ear area (E) was located from which protraction, retraction and 
rotation of the contralateral ear were elicited. These aural move- 
ments never were combined with responses of other parts of the body 
so that the area appeared isolated. The boundary between N, M 
and FL was sharper than those between areas F, N and M. Here 
with threshold stimuli a clear line of demarcation usually appeared. 
The most common movement obtained from the foreleg area (FL) 
was flexion at elbow and shoulder with flexion or extension of the wrist, 
but this was by no means the only response; stimulation of different 
portions of the area gave rise to variations in this common pattern 
and greater individuation of response (Boynton and Hines, 1933). 
Thus fanning of the toes, extension and flexion of the toes and wrist, 
supination of the forearm, flexion or extension of the elbow, protrac- 
tion, retraction, medial rotation, adduction and abduction of the 
shoulder were noted. These movements were observed as isolated 
phenomena, but more commonly in various combinations. Oc- 
casionally full extension of the foreleg was obtained and 
frequently alternating flexion and extension (treading) were seen. 
In some experiments toe and wrist movements occurred on 
stimulation of the rostral portion of the foreleg area while those of 
the proximal segments were elicited from more caudal points. 





PLACING AND HOPPING REACTIONS OF RABBIT 47 


Movements of the hindleg were not always obtained, but in seven 
of the 16 animals flexion of the contralateral hindleg, as a whole, was 
elicited from an area (HL) overlapping the posterior portion of the 
foreleg area. These hindleg movements were at times associated with 
foreleg responses or with a slight contraction of the muscles of the 
ipsilateral hindleg. In two rabbits, however, clear and uncomplicated 
contralateral hindleg flexion was obtained with stimuli as low as 0.5 
volt in one case and 1.25 volts in the other. In general the hindleg 
movements were so few and so difficult to reproduce that we should be 
inclined to disregard them except for the fact that whenever they oc- 
curred they were associated with stimulation of this small restricted 
and well localized area posterior to the foreleg region. They were 
never observed after excitation of other portions of the cortex. 

In three animals closure of the contralateral eye was noted on 
stimulation of the medial portion of the neck area. 

The medial surface of the hemisphere was explored in one case. 
Movements of the foreleg were obtained from the medial cortex 
adjacent to the foreleg area on the convexity, and movements of the 
neck from the cortex adjacent to the neck area on the convexity. 
No hindleg movements were elicited. 


B. Placing and hopping reactions of the normal rabbit 


These reactions as seen in the rabbit differed in certain respects 
from those of the cat and the dog. The visual reaction of the fore- 
legs was very poorly developed and in most cases could not be demon- 
strated, but in some individuals the forelegs were raised and set down 
upon the surface when the animal was brought near to a well lighted 
table. The tactile reactions of the forelegs of the blindfolded animal 


3 Since these observations were made Dr. R. S. Snider has suggested to us the 
obvious possibility of correlating the presence or absence of visual placing reactions 
with the state of pigmentation of the eyes. Examination of 15 albino and 27 
non-albino rabbits under the same conditions of lighting revealed that visual plac- 
ing was uniformly absent in the former but that 25 of the latter gave visual re- 
sponses of the forelegs when the animals were suspended head down over a test 
surface. However, only 2 animals placed when tested in the usual manner at the 
table’s edge with the animal in the horizontal plane. With the head pendant it 
was not difficult to elicit the reactions, but in only 4 cases could they be described 
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in response to touching the vibrissae, hairs of the chin or forepaws to 
a piece of fur attached to the table’s edge were excellent, resulting 
almost invariably in prompt placing of the feet soles down upon the 
test surface. The reactions varied with the aspect of the foot touched; 
when the dorsum of the forefoot was stimulated the limb moved 
forward, but when the hairs at the side of the foot were stimulated the 
leg responded with a placing movement directed laterally. This was 
not true of the hindlimb. When the foreleg was displaced over the 
table’s edge or when it was passively abducted the animal promptly 
returned it to the normal position for support. However, in none of 
these reactions does the rabbit respond as quickly as the cat. Hop- 
ping also was fairly well developed in the forelegs. The animal re- 
sponded, on lateral displacement, with short quick steps; on medial 
and forward displacement the hops were somewhat slower and longer, 
while in the backward direction they were obtained with difficulty. 
Thus these reactions in the rabbit contrast with those of the cat which 
are performed well in all directions. 

In the hindlegs both the placing and the hopping reactions were 
present but very poorly developed, as revealed by the inconstancy with 
which tactile responses were obtainable and by the cruder and more 
sluggish character of the hopping reactions. The latter were best in 
response to lateral, less good to medial and very poor to forward and 
backward displacement. Placing of the hindleg in response to retro- 
flexion of the leg was somewhat better than to tactile stimulation 
alone. Therefore as regards these particular reactions the forelimb 
of the rabbit is obviously more reactive than is the hindlimb. 

In connection with the poor development of placing and hopping 
in the hindlegs of the rabbit it may be noted that this animal rarely 
stands with the hindlegs extended and even less frequently does it 
use them in alternate walking or running movements. 





as excellent. In any given test the response was usually limited to one foreleg; 
seldom were both involved. This obviously was related to the position of the 
rabbit’s eyes and the consequent difficulty of bringing the test surface into both 
visual fields simultaneously. 

Brooks (1933) reported that visual placing did not occur in the albino rat. 
Examination shows that rats with pigmented eyes promptly and simultaneously 
place both forelimbs. 
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C. Ablation experiments 


Cortical control of placing and hopping. After removal of the entire 
neocortex of one hemisphere (24 animals) or of only that portion of it 
responsive to electrical stimulation (15 animals) all tactile placing 
reactions of the contralateral limbs were completely and enduringly 
abolished (fig. 2). Animals kept as long as 14 months after such opera- 
tions failed to show placing in response to tactile stimulation of the 
contralateral vibrissae, of hairs of the chin and of the feet, although 
similar stimulation on the side opposite the intact cortex was effective 
in eliciting responses in these normal limbs. Placing in response to 
displacement of the legs and the hopping reactions remained but the 
hopping was deficient, requiring a greater degree of displacement to 
produce a response. Such deficiencies following unilateral lesions 
were not difficult to detect since there was no apparent ipsilateral 
defect. However, in making the tests it was important that the ani- 
mal remain quiet and cooperative to avoid falsely interpreting as 
placing the flexion and subsequent extension of the legs which occur 
during struggling. This precaution applies to other animals also. 

Disturbance of the reactions under consideration was no greater 
after removal of the entire cortex than after sensori-motor ablations. 
Nor were the deficiencies augmented by certain subcortical injuries. 
Three animals which recovered from hemidecerebration involving 
removal of all tissue of one side ahead of the anterior colliculus and 
third nerve showed no greater disturbances of placing and hopping 
than did the hemidecorticate animals or those with sensori-motor 
lesions. No ipsilateral effects were noted. After bilateral cortical 
removals (12 complete neodecortications, 1 ‘‘motor’’ decortication) 
the limbs of both sides were equally affected. 

In one animal, only that area of the cortex was removed which 
electrical stimulation had shown to be related to the hindleg. Defi- 
ciencies in placing and hopping developed in the contralateral hindleg 
but the foreleg also was affected to some degree. 

Removal of areas other than the sensori-motor cortex (13 animals) 
produced no detectable disturbances of tactile placing or of hopping. 
In the four animals from which all cortical tissue except the sensori- 
motor area of one hemisphere was removed the limbs opposite the 
cortical remnant remained normal. 





50 CHANDLER McC. BROOKS AND CLINTON N. WOOLSEY 


The three rabbits with unilateral section of the medullary pyramid 
showed the same effects upon the fore- and the hindlegs as did the 
animals with cortical removals. 


Fic. 2. A. Rabbit from which the electrically excitable area of the right cerebral 
cortex was removed. On touching the chin to the bar the right foreleg placed, 
the left did not. 

B. Same animal showing absence of contact placing in the left foreleg. 

C. Left hemidecorticate rabbit showing failure of placing in the right legs when 
these are hung over the table’s edge. 

D. Left hemidecorticate rabbit showing failure to correct posture of the right 
legs when these are placed in abnormal positions. 


As a result of these experiments it can be said that the removal of 
the cortical foreleg and hindleg areas produces deficiencies in the 
responses of the contralateral hindleg as well as in the foreleg, but 
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that since the normal reactions of the hindleg are poor, the deficiencies 
are not so apparent. The fact that section of the pyramid also pro- 
duces these effects indicates that fibers passing through this structure 
are involved in the reactions of the hind- as well as of the foreleg. 

Observations on posture, motor activity and tonus. In addition to the 
observations made on placing and hopping other effects of cortical 
ablations were noted. Abnormal posturing of the limbs was not 
striking in the rabbit as it is in the cat (Bard, 1933) but such postures 
were seen, particularly in the early postoperative period. They were 
brought out by putting the animal on a slippery surface, in which 
case the limbs opposite the lesion slid out to the side or forward 
(Cf. Laughton, 1928, Fig. 1). This occurred most readily in the 
foreleg. At other times the forefoot was seen with dorsum on the 
ground. 

Comparison of the reactions of the vibrissae to touch revealed a 
limited or absent response on the side opposite the lesion whereas 
the ipsilateral whiskers were retracted promptly. Movement of the 
contralateral pinna to touch and to sound also was impaired. 

The hemidecorticate rabbit spent more time washing the normal 
than the affected part of its body. Although both forepaws were used 
in face-washing exercises the normal tended to lead in this activity. 
Similarly in progression the abnormal limb seldom initiated move- 
ment. The hemidecorticate animal circled to the side of the lesion 
and frequently bumped into objects in the blind visual field. In 
bilaterally decorticate preparations spontaneous activity was greatly 
diminished and such an animal might sit for hours without changing 
position. 

Examinations were made to detect alterations in muscle tone. In 
a few preparations with sensori-motor or more extensive lesions it 
was felt that the legs of the opposite side showed a slightly increased 
resistance to passive flexion. The presence of extensor rigidity was 
suggested more frequently by an extended posture of the affected 
legs when the animal was supended in the air or held on its back, but 
usually no definite resistance to passive movement could be detected 
in such instances. Laughton (1928) mentioned extensor rigidity in 
the rabbit after motor cortex lesions, apparently basing his statement 
on these postural changes. We have been forced to conclude that at 
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best decorticate rigidity in the rabbit is unimpressive and is not 
increased even by hemidecerebration at a level just above the red 
nucleus. 


D. Histological studies 


Cortical cytoarchitecture. Comparison of our chart of the “motor 
area” (Fig. 1) with Brodmann’s (1909) cytoarchitectural map of the 
rabbit’s cortex revealed at once that movement occurred not only on 
excitation of area 4, but also on stimulation of areas 6, /, 3, 5, and 7, 
as well as of field 22 in the temporal region. In the nomenclature of 
Rose (1931) the regions praecentralis granularis, praecentralis agranu- 
laris, postcentralis and parietalis were concerned, while in the terminol- 
ogy of Droogleever Fortuyn (1914) areas f and 7 comprised the re- 
sponsive zone, except that the ear focus lay within area p. Micro- 
scopic examination showed a fairly close correspondence of the pos- 
terior limit of the “motor area” with the transition from the latter’s 
area f to area u near the midline and from j to p more laterally. Figs. 
3 to 10 are photographs of microscopic sections of the rabbit’s cortex 
illustrating tissue which on electrical stimulation produced muscular 
movements (Figs. 3-5 and 7-9) and tissue which did not (Figs. 6 
and 10). The regions of the cortex from which these sections were 
taken can be seen by referring to the left hemisphere of Fig. 1, on 
which the sites of the sections are indicated by numerals corresponding 
to the figures. Figs. 3 to 6 are taken from areas f and w at the rim of 
the hemisphere. Figs. 7 to 10 are from areas j and p on the convexity 
of the cortex. Comparison of the right and left hemispheres of Fig. 1 
shows the relationship of the source of the sections to the excitable 
areas. The change from “excitable” to “‘inexcitable’’ tissue is marked 
near the rim of the hemisphere by the appearance of a richly granular 
layer IV (Fig. 6) and a slightly less prominent layer V. On the con- 
vexity of the hemisphere the change from “excitable” to “inexcitable” 
tissue is indicated chiefly by a decrease in the number and size of pyra- 
mids in layer V (Fig. 10). Layer IV is everywhere present; layer II 
is nowhere distinct. 

Degenerations in the corticospinal tract. Examination of our Marchi 
preparations showed degenerations extending into the lower cervical 
segments of the cord and in some cases as far as the first thoracic 
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segment of the opposite side of the cord. Deeper lesions involving 
basal ganglia as well as the cortex, and section of the pyramid gave 
similar results. 

Considered phylogenetically the hindleg of the rabbit appears to 
be in process of gaining cortical representation. 
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A complete analysis of the gaseous mixtures encountered in prob- 
lems of respiration and metabolism is customarily carried out by 
chemical methods, which, because of their very nature, destroy the 
material under test. The physical method to be outlined makes 
possible continuous analysis without disturbing the mixture. 

The principle here involved is based on the established fact that 
gases and vapors such as CO, and H,0! possess absorption bands at 
distinctive wave-lengths in the infrared. The mode of these tests 
may be inferred from a consideration of the apparatus used. In 
Fig. 1, N is an electrically heated spiral of nichrome wire whose 
radiations, after having been reflected from the silvered concave 
mirror M are transmitted through the cylindrical absorption cell A 
whose ends are closed with microscope cover-glasses. Mounted in 
the base of the cell is a glass cup C (capacity about 1 cc.) which is to 
contain the biological material (yeast, frog muscle, etc.) immersed in 
an appropriate nutrient solution. The small cup B is attached to 
the cell with fluid glyptal which soon forms a tough, pressure-resistant 
seal. A second air-filled cell, identical with the first and interchange- 
able in position, is employed as a “blank.” The radiations finally 
enter the detector D. Within the detector (Pfund, 1) are mounted 
three bakelite rings (only one is shown in Fig. 1) bearing a total of 
36 brass studs to which thin wires of iron and Iala (constantan) are 


1 Only hetero-atomic gases such as CO2, CO, HxO, CHy, HaS, HCN, etc., have 
absorption bands in the infrared. While He, Oz, Ne, etc., have no such absorption 
bands, it is possible to convert Hg into HzO, Oz into CO, CO2 or H20, and Ng into 
N2O2, thus making these gases also amenable to the proposed method of analysis. 
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attached to form a thermopile of 33 junctions in series. These are 
connected to a Leeds and Northrup galvanometer, type R, of 15 
ohms resistance, operated at a scale-distance of 1.5m. As shown in 
Fig. 1 the thermojunctions protruding from the bakelite ring do not 
project into the beam of radiant energy. Since the biological ma- 
terials under consideration liberate CO:2, the detector is filled with a 
mixture of 3 per cent CO, and 97 per cent dry air; all at atmospheric 
pressure. If the absorption cell A be free of CO: the radiations near 
2.74 and 4.34 from the nichrome spiral will be partially absorbed by 
the CO, in the detector and will be transformed into heat. Conse- 
quently, “hot” molecules of CO: will raise the temperature of the 
thermopile and will therefore give rise to a large galvanometer de- 




















Fic. 1. Scoematic DIAGRAM OF APPARATUS 
For description, see text 


flection. If now, CO: be generated in the absorption cell, this gas 
will weaken, prematurely, the very radiations which previously had 
heated the CO; in the detector; hence the latter must cool off. The 
decrease in the galvanometer deflections is proportional to the CO; 
concentration (at low concentrations). The principle, then, under- 
lying this new mode of analysis may be summarized as follows: if 
the detector contain but a single, infrared-absorbing gas X, the de- 
tector will respond only if some of the same gas X shall be present in 
the absorption-cell.? 

Before experiments on respiration could be undertaken, it was 
necessary to decide upon the best dimensions of the absorption cell— 
particularly in view of the fact that, at best, the amount of CO, 
liberated must be small. According to Beer’s law the absorption of 


2 A detailed account of exhaustive tests which establish these points will be 
published elsewhere. 
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radiation near 2.7 and 4.34 for CO: is proportional to the product 
of concentration (C) and length of column (L). Calling S (sensitiv- 
ity) the change in the galvanometer deflection occasioned by the 
presence of the liberated CO2, then S~CL. But the concentration 
is inversely proportional to the volume, i.e., C~1/LA where A is 
the area of cross-section of the cylindrical cell. This yields the result 
that S~1/A which would seem to indicate the use of a cell of small 
area of cross-section. However, the magnitude of the galvanometer 
deflection depends directly on the amount of radiant energy entering 
the detector and this, in turn, depends directly on A. The final 
conclusion then is that the length of the cell is immaterial and that 
the area of cross-section is to be just that of the circular opening in the 
detector. To avoid the building-up of considerable gas pressures and 
to make available a fair amount of oxygen, the dimensions of the 
cylindrical absorption-cell were fixed arbitrarily at a length of 20 
mm. and a diameter of 17 mm., the total volume being 4540 cu.mm. 
The sensitivity of the apparatus used in these experiments is 1 part 
in 1000. This sensitivity may be increased to 1 part in 1,000,000 by 
using a large cell in cases where the gas supply is unlimited. 

For purposes of orientation experiments were first carried out on 
the fermentation of yeast. 10 grams of cane sugar were dissolved 
in 50 grams of water; 7 mg. of Fleischmann’s yeast were put into the 
glass cup C and 1 gram of the sugar solution was added; galvanometer 
readings were taken every half-hour or hour. In the early experi- 
ments considerable difficulty was encountered in the fogging of the 
window of the absorption-cell, last reached by the radiation. This 
difficulty was overcome by keeping the absorption-cell in a small, 
metal housing between readings, thus maintaining a constant tem- 
perature of the entire cell. For purposes of rough calibration the 
absorption-cell was finally filled with expired air whose CO, concen- 
tration was taken as 4 per cent. The results obtained are presented 
in Fig. 2 where curve A shows the increase in CO, concentration with 
time. The biological significance of this relationship is too well 
known to require repetition. Of greater interest, perhaps, is curve B 
which was obtained by multiplying the slope of curve A (correspond- 
ing to a given time) by the volume of the absorption cell, thus yielding 
the variation of the rate of CO, liberation with time. In a sense, 
curve B might be called the “‘life-curve’’ of the yeast cells here studied. 
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Fic. 2. DETERMINATION BY INFRARED ABSORPTION OF LIBERATION OF 
CARBON DIOXIDE DURING FERMENTATION OF GLUCOSE BY 
7 MG. OF YEAST AT 25°C. 
Curve A, increase in concentration of carbon dioxide with time; Curve B, 
variation of rate of liberation of carbon dioxide with time. 
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Fic. 3. DETERMINATION BY INFRARED ABSORPTION OF LIBERATION OF 
CARBON D10xIDE FROM 240 mc. RESTING Froc’s MUSCLE aT 27°C. 


On account of the small amounts of carbon dioxide evolved from 
resting muscle, far greater difficulty was encountered in the study of 
metabolism of this tissue. In these experiments, two sartorii from a 
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frog were placed in the small cup B which contained 0.2 cc. of Ringer’s 
solution buffered with phosphate. The determination was made at 
room temperature, 27°C. The results of one of these experiments 
are given in Fig. 3. After a short delay, the carbon dioxide concen- 
tration in the cell rose rapidly during a period of six hours, after which 
the magnitude of the production of this gas decreased. From a 
calculation of the total carbon dioxide evolved during the ten hours, 
a volume of 29 cu.mm. per gram (wet weight) per hour was obtained. 
This calculation is approximate for it does not include the amount 
of carbon dioxide absorbed by the fluid and the muscles during the 
experiment and the amount of free and combined carbon dioxide in 
the muscle at the start of the experiment. Although no data are 
available for the metabolic rate of frog’s muscle at 27°C. the value 
obtained is of the same order of magnitude (13.6 cu.mm.) as reported 
by Gemmill (2) for a similar preparation in which the experiments 
were carried out at 15.4°C. and the determinations made by a mano- 
metric method. 

These two examples, the carbon dioxide liberated by yeast fermen- 
tation and by muscular metabolism, demonstrate that the method of 
analysis by infrared absorption may have many useful biological 
applications, not only in the study of isolated tissues but also in 
metabolic studies on man. For example, determinations of the car- 
bon dioxide content of the expired air or of alveolar air may easily 
and quickly be made with this method. Many other gases of im- 
portance in physiological and pharmacological studies may also be 
determined in very low concentrations by a similar procedure to that 
described above for the determination of carbon dioxide. 


SUMMARY 


A method has been devised for the analysis of carbon dioxide by 
infrared absorption. This method has been applied to two biological 
phenomeria, the fermentation of glucose by yeast and the respiration 
of resting frog’s muscle. A similar procedure may be used to analyze 
other gases having absorption bands in the infrared. 
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PROCEEDINGS OF THE MEETING OF THE JOHNS HOPKINS 
MEDICAL SOCIETY 


HELD IN THE Hurp Memortrar Hatt, May 13, 1940 


The President of the Society, Dr. G. Canby Robinson, presided. 
Abstracts of the papers and discussions follow: 


A Case of Successful Suture of a Stab Wound of the Heart. By Davm Spronc 
and Wiri1am G. Watson. (Department of Surgery.) 

D. H., a colored male, aged 28 years, was admitted to the accident room of 
The Johns Hopkins Hospital on the night of March 28th shortly after having been 
stabbed in the thorax. The weapon was said to have been a four inch ‘switch 
blade,’ and it had penetrated just to the left of the sternum in the fifth interspace. 
On admission the patient was comatose and his pulse was imperceptible. Respira- 
tions were shallow and rapid, the skin cold and clammy, and the patient deeply 
shocked. There had been only moderate bleeding as evidenced by the appearance 
of his clothing. Examination of the thorax disclosed marked enlargement of the 
area of cardiac dullness to the left of the midline. Heart sounds could be heard 
only faintly and infrequently. The lungs were clear. The foot of the table was 
elevated at once, and 1000 cc. of glucose solution was administered intravenously 
while heat was applied to the body. The pericardial sac was aspirated within 
a few minutes of admission, and 90 cc. of blood were withdrawn. This procedure 
improved the patient’s condition and permitted his transportation to the operating 
room which had been prepared for his reception. At this time a transfusion of 
500 cc. of citrated blood (group O) which had been obtained from the blood-bank 
was given without cross-matching. Within twenty or twenty-five minutes from 
the time of his arrival at the hospital, operative relief was under way. The 
operator exposed the sternum and removed a portion of it together with the car- 
tilaginous portions of the third, fourth and fifth ribs on the left side. The left 
pleura was not entered. The pericardium was opened revealing the heart. There 
was still a moderate amount of blood in the pericardial sac. The heart was de- 
livered by traction on a suture placed through the apex. There was a wound in 
the right ventricle measuring about 1 centimeter in width. This was quickly 
sutured with three interrupted sutures of fine black silk, and the heart was restored 
to its bed. There was vigorous hemorrhage from the right internal mammary 
artery. This was controlled only by cutting across the remnant of the sternum 
and by transfixion with silk. With this additional exposure it was seen that the 
knife had also lacerated the right pleura. The remaining blood in the pericardial 
sac was aspirated, and the pericardium was closed loosely with silk. The over- 
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lying skin was closed without drainage with the same material. The patient’s 
blood pressure which had been 40 systolic at the beginning of the operation had 
now risen to 80, and his pulse was now perceptible although irregular both in rate 
and volume. He was taken to the ward and placed in an oxygen tent after an 
operative procedure of thirty-five minutes. 

On the ward a second transfusion of 500 cc. of citrated blood which had been 
prepared during the operation was given at once. For the next six days the pa- 
tient’s pulse varied between 90 and 130. The irregularities of rate of the pulse 
diminished more rapidly than the alterations in volume which did not disappear 
for four days. Consciousness returned in about twelve hours. The temperature 
ranged between 99° and 104° for the first four postoperative days. Thirty-six 
hours following operation a thoracentesis on the right side yielded 300 cc. of blood. 
This was repeated the following day when 250 cc. of blood was aspirated. A 
third thoracentesis two days later was attempted, but no fluid could be obtained. 
The patient received sulfapyridine for nine days; a blood level as high as 9.6 mg 
per 100 cc. was attained. Signs of bronchopneumonia which became apparent 
clinically and by x-ray in the left lung, disappeared. The wound healed per 
primum. At the end of a week the cardiac sounds were quite normal. An 
electrocardiogram at this time revealed evidences of myocardial damage. A 
second electrocardiogram one week later was considered normal. The patient 
was permitted to be up two weeks following his injury and was discharged on his 
twenty-second day. X-ray examination just before discharge showed slight resid- 
ual clouding of both lung bases. 

A month has passed since the patient’s discharge from the hospital. During 
this time he has been observed at weekly intervals. He has continued to be 
symptom-free and is now permitted to return to work. 

(The patient came into the auditorium for demonstration.) 


DISCUSSION 


Dr. Warfield M. Firor said that this case was particularly interesting because 
it represented the first successful suture of a penetrating wound of the heart carried 
out in this clinic. There have been a number of unsuccessful attempts. 


Acute Massive Collapse of the Lung—A Report of Nine Cases Treated Broncho- 
scopically. By Girpert E. Fisuer. (Department of Otolaryngology.) 
This condition is described in the literature under various titles, such as acute 
lobar collapse, massive postoperative atelectasis, and obstructive atelectasis. It 
is not an uncommon postoperative complication, and often presents symptoms 
suggestive of pneumonia, spontaneous pneumothorax, a pulmonary or coronary 
embolism. 

Massive collapse of the lung, in our experience, occurs most frequently following 
operation, during the period when upper respiratory tract infections are most 
prevalent. If the mucus cannot be expelled from the lung by stimulation of the 
cough reflex with forced inhalations of 5 per cent carbon dioxide and 95 per cent 
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oxygen, turning the patient from side to side, and manipulation of the chest, 
bronchoscopy for removal of pus and mucus is advised without delay. 

Nine cases of acute massive collapse of the lung have recently received emer- 
gency bronchoscopic treatment in this hospital. In seven of the patients the col- 
lapse occurred postoperatively. In one it followed a severe blow on the chest, 
occurring in an automobile accident; and in one it occurred during the course of 
an acute upper respiratory tract infection. 

All of these patients were first treated by manipulation and forced inspiration 
of a mixture of 5 per cent carbon dioxide and 95 per cent oxygen. When these 
procedures failed, bronchoscopy was immediately performed. In each case a 
large accumulation of tenacious mucus was aspirated from the main bronchus on 
the affected side. There was an immediate return of breath sounds over the af- 
fected lung. In all cases the temperature, pulse rate and respiratory rate returned 
promptly to normal. 


DISCUSSION 


Dr. Edwin N. Broyles said that when these patients were bronchoscoped the 
bronchi were found to be filled with thick mucus which, in some cases, was as 
much as 300 or 400 cc. He said that it was realized that bronchoscopy was not 
to be attempted in cases of massive collapse until other simpler methods had 
been tried. 


Results in Artificial Pneumothorax Therapy in the Treatment of Pulmonary Tuber- 


culosis. By HucH G. WHITEHEAD. (Department of Medicine.) 

The true value of pneumothorax is not reflected in bare statistical studies. 
Many factors influence final results, the most important being the dominant tissue 
reaction, status of opposite lung, type and efficiency of artificial pneumothorax 
obtained, duration of the collapse, and opportunities for rest and adequate diet in 
conjunction with collapse therapy. Compilation of the results of fifteen out- 
standing reports since 1924 indicate clearly that twice as good ultimate results 
are obtained in efficient types of collapse as in those types in which sputum re- 
mains positive. The importance of utilizing pneumolysis, phrenicectomy, 
thoracoplasty and other surgical measures when pneumothorax alone is ineffective 
becomes apparent. 

Since 1930, 172 patients have been treated in The Johns Hopkins Hospital 
Pneumothorax Clinic, with good results in 77 per cent. In 69 cases the lungs 
have been completely reexpanded. Representative cases among those completed 
show moderate fibrosis and dislocation of the heart and mediastinum to the healed 
side, but no serious impairment of function. Complications were few in the series. 
Most of the 19 patients who died were negroes or incorrigible whites, and death 
was usually due to spread of the disease owing to inadequate collapse and lack of 
cooperation. 

Of more importance, perhaps, than results in pneumothorax therapy is the 
tremendous increase since 1930 in the use of the procedure. About 10 per cent of 
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all Sanatorium patients were receiving the treatment in 1931, about 40 per cent 
in 1935, and probably about 50 per cent today are receiving some form of collapse 
therapy. 

While the procedure is of inestimable value in moderately and far advanced 
cases, if carefully selected, the minimal case should be carefully considered before 
administering artificial pneumothorax, for 80 per cent will recover in one year if 
treated with rest alone. 


DISCUSSION 


Dr. Victor F. Cullen (Superintendent of Maryland State Sanatoria) said that 
the use of therapeutic pneumothorax had been started at the Maryland State 
Sanatorium, as early as 1912 but that in the days before improved methods of 
x-ray examination, many mistakes in treatment were made. The use of pneumo- 
thorax in sanatoria is constantly increasing. In the Maryland State Sanatorium 
the cases are so advanced that pneumothorax can be employed satisfactorily in 
only about 35 per cent of the cases. It is used in all phases of the disease and in 
all cases with minimal pulmonary tuberculosis, especially where there have been 
hemorrhages. In selected cases in which there are small nodular lesions, extending 
from the hilus, bilateral pneumothorax has been used. There has been remarkably 
little trouble with purulent effusion. 

The most important result of pneumothorax is that it changes a positive sputum 
to a negative sputum, and the patient remains in the sanatorium a much shorter 
length of time. Pneumothorax treatments should be started only in patients who 
are in bed in a hospital where the lungs can be properly adjusted. Pneumothorax 
is not a panacea and rest is just as important with pneumothorax treatment as 
without it. 

Another great value is that it keeps the patient in closer touch with his doctor 
after he has been discharged from the sanatorium. 

Dr. A. Murray Fisher emphasized the importance of planning to continue refills 
for a period of four to five years, in all cases in which this form of treatment is 
undertaken. The patients frequently feel so well that there is a temptation for 
them to discontinue treatment and they should be forewarned about this, when 
the treatment is started. 

It is important to realize that the patients with whom Dr. Whitehead has 
worked were all presumably favorable cases, at the time of instituting treatment. 
In this respect, they differ from the usual sanatorium case. 

Dr. Robinson commented upon the importance of Dr. Whitehead’s work as an 
example of cooperation between the tuberculosis sanatoria which institute pneu- 
mothorax and the general hospital out-patient department which carries out the 
refills and watches the progress of the ambulatory patient. 

Dr. Robinson said that the value of pneumothorax in preventing the spread of 
tuberculosis should not be overlooked. Recent experience in Chicago, in the 
treatment of seven hundred patients who could not be hospitalized for lack of 
sanatorium space, had shown that pneumothorax helped to prevent the spread of 
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tuberculosis from patients who are awaiting admission to sanatoria. It was found 
that among patients with positive sputum 53.9 per cent having pneumothorax 
became sputum-negative, whereas only 15 per cent of untreated patients became 
sputum-negative. 

Dr. Cullen said that he was pleased to report that there was no necessity for 
this type of pre-sanatorium treatment in Maryland at the present time. The 
State sanatoria are now able to take care of all applicants, with the exception of 
a few colored babies. 

Dr. Whitehead, in closing, said that a poor pneumothorax is worse than no 
pneumothorax at all and that pneumothorax, to be successful, must be combined 
with rest. 


Some effects of Renal Pressor Substances. By E. Cowtes ANprus and W. H. 
Purr Hirt. (Department of Medicine.) 

Since the original description of renal pressor substances by Tigerstedt, at- 
tention has been devoted especially, if not almost exclusively, to their vasocon- 
strictor actions. The authors have examined the properties of renin and angio- 
tonin with particular reference to the effects upon the heart. The results of ob- 
servations upon the isolated perfused hearts of cats, rabbits and guinea pigs have 
been reported elsewhere! Renin is totally without effect in this preparation, 
but under the influence of angiotonin coronary flow is transiently diminished, then 
slightly increased. Most striking is the effect upon the amplitude of ventricular 
contraction which is conspicuously enhanced. Any effect upon cardiac rate is 
notably absent. 

The present report summarizes the results of a series of observations upon the 
heart-lung preparation. This was set up after the method of Starling, and the 
volume output from the left ventricle was measured by a modified Gaddum re- 
corder. Renin and angiotonin were prepared after the method of Page.” 


RESULTS 


Arterial Pressure. Renin produced a measurable rise in “arterial pressure” 
(from 2 to 13 mm. Hg) in fifteen of twenty injections in twenty experiments. 
In two others it caused pulmonary edema to develop rapidly. Angiotonin pro- 
duced a similar, on the whole more rapid and greater, though less prolonged, rise 
in twenty of twenty-three injections in eighteen experiments. It is to be empha- 
sized that, in the heart-lung preparation, the peripheral resistance furnished 
in vivo by the systemic arterioles is replaced by a pneumatic resistance which does 
not increase even when the rate of blood flow through it rises. 

Cardiac Output. Despite the fact that the level of blood in the venous reservoir 
fell, and the inflow pressure therefore diminished during the course of reaction, 





1 Proceedings of the Society for Experimental Biology and Medicine: (in press). 
2 The authors are indebted to Dr. Page for furnishing us with a supply of 
angiotonin with which we have compared our own preparation. 
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renin produced an increase in cardiac output in fourteen of twenty injections, the 
maximum being 25 percent. It produced no effect in four, and caused pulmonary 
edema to develop in two instances. Angiotonin caused an increase in flow in 
seventeen of twenty-three injections, the maximum being 38 per cent. It caused 
an increase followed by a decrease in three, and was without influence in three 
others. In contrast with the effects of adrenalin and paredrinol neither renin 
nor angiotonin had any influence upon the cardiac rate. 


CONCLUSIONS 


Evidence is presented that the effects of renal pressor substances are not solely 
vasoconstrictor. Renin and angiotonin both increase cardiac output and, secon- 
darily, the arterial blood volume. It is suggested that the fundamental result of 
these, together with the vasoconstrictor, effects of the renal pressor substances, is 
the achievement of a state in which the arterial blood volume is large in relation 
to the capacity of the arterial system, a state common to most, if not all, forms of 
arterial hypertension. 


DISCUSSION 


Dr. Robinson asked whether the change in venous pressure which occurred in 
these experiments could be looked upon as a passive one or due to a change in the 
tone of the veins. 

Dr. Andrus replied that in this type of experimental preparation the change in 
venous pressure was a passive one. 


The Prevention of Deafness. By Samuet J. Crowe. (Department of Oto- 
laryngology). 

The recurrence of adenoids after operation on young childrén is so common 
that it must be regarded as normal. This recurrent lymphoid tissue may impair 
the function of the eustachian tubes and cause a low grade tubo-tympanic catarrah, 
which may lead to chronic progressive deafness. Recurrent or hyperplastic 
nodules of adenoid tissue in and around the pharyngeal orifice of the eustachian 
tubes are so located that they cannot be removed surgically. Lymphoid tissue is 
so sensitive to radiation that the dosage employed in the treatment of the naso- 
pharnynx is far below the amount that could cause any irritation or injury to the 
mucous membrane or surrounding structures. No scar tissue, no dryness of the 
nose or throat and no atrophic changes in the nasal mucosa follows treatment of 
the nasopharynx with radon, provided the proper dosage is given at the proper 
intervals. This statement is based on our observation of hundreds of children. 
Many of them have been followed for ten years or more. If used carelessly, or if 
the treatments are entrusted to a technician, radium therapy may be extremely 
dangerous. It should never be given in the presence of an acute nasopharyngitis. 
The object of the treatment is to reduce the size of lymphoid tissue. It has little 
or no direct action on bacteria. Radiation is of no value in the treatment of 
chronic middle ear suppuration, otosclerosis or any form of inner ear or nerve 
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deafness. It is used for the sole purpose of reducing obstructing nodules of 
lymphoid tissue, decreasing the secretion of mucus and restoring the normal venti- 
lating function of the eustachian tubes. For this reason radiation is more often 
beneficial in children than in adults. To obtain the best results it must be used 
before changes in the middle and inner ear, secondary to partial tubal obstruction, 
have irreparably damaged the middle and inner ear structures. 


DISCUSSION 


Dr. James Bordley, III asked whether Dr. Crowe believed that the high per- 
centage of impaired hearing encountered in children would increase as life ad- 
vances, or might this type of deafness be peculiar to children and show a tendency 
to diminish as adult life is approached. 

Dr. Crowe said that he would prefer to have Dr. Guild answer the question. 

Dr. Stacy R. Guild said this question can only be answered definitely after re- 
examination of these children, as they mature, for ten years orso. The idea that 
hyperplasia of nasopharyngeal lymphoid tissue causes impaired hearing is not a 
new one. It has been recognized for fifty years or more, and opinions differ with 
respect to the influence of tubotympanic disease in childhood on the hearing in 
later life. A decade ago Dr. Shambaugh of Chicago emphatically expressed the 
view that this condition seldom leads to serious deafness in adults. Our group 
holds the opposite view. 

Dr. Robinson called attention to the great number of people with hearing defects 
in the United States. The generally quoted statement is that 10 per cent of the 
population are hard-of-hearing. With Dr. Crowe’s findings before us it seems 
likely that this usually accepted estimate is much too small a percentage. When 
we consider what hearing difficulties mean economically and socially, this whole 
problem takes on great importance from the point of view of social welfare and 
preventive medicine. 
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BOOK REVIEWS 


(These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of this Journal.) 


End Results in the Treatment of Gastric Cancer. By Epwarp M. LivincsTon and 
GrorcE T. Pack. 179 pages. Illus. $3.00. Paul B. Hoeber, New York, 
1939. 

This book constitutes a third mile-post on the road of therapy of gastric cancer, 
following those erected by Billroth and Welch. It represents an investigation 
and analysis of the great body of published data on the treatment of carcinoma of 
the stomach recorded in the fifty years since the first successful resection by Bill- 
roth. A careful study is made of the 14,000 gastrectomies for cancer reported in 
the world literature during this period. 

Two facts are particularly stressed: first, that approximately one-third of 
malignant tumors are situated within the stomach; and second, that surgical 
excision is at the present the only known means of cure for cancer at this site. 
An analysis is made of surgical methods and their value with especial reference to 
three points: (1) the applicability of excisional surgery, (2) the risk of the opera- 
tion, (3) the effectiveness of gastrectomy when it can be successfully performed. 

One of the most valuable contributions of this exceptional book is the complete 
analytical survey of factual data to explain the prevalent confusion arising from 
contradictory reports of progress in the literature on the subject. Three factors 
are identified as the sources of this confusion: (1) the concentration factor, (2) 
the cumulative factor, (3) the factor of standardization in the measurements of 
end results. For example, one author who placed on record 127 patients living 
and well 10 years after gastrectomy did not disclose the total number of patients 
seen, from among whom these long-term survival figures were selected. Only a 
careful analysis of his percentage figures showed that 3200 patients with gastric 
cancer were seen, of which 127 were survivors, scarcely more than 3 per cent of 
the total. 

Resectable gastric carcinoma is represented as a totally different disease from 
unselected gastric cancer. The former is highly amenable to surgical treatment: 
in the hands of a surgeon and surgical team especially trained for this work, 20 
per cent of all those resected will be cured; 50 per cent will be cured if the disease 
has not spread beyond the stomach at the time of operation. 

4.2... 


An Introduction to Medical Mycology. By Grorce M. Lewis and Mary E. 

Hopper. 315 pp. Imus. $5.50. Year Book Publishers, Inc., Chicago, 1939. 

This monograph is an outgrowth of the authors’ experience in teaching post- 

graduate students in dermatology during the past ten years. The first portion 
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of the book covers the clinical, theoretical, and experimental aspects of the sub- 
ject, while the latter part deals with the laboratory procedures useful in examining 
a patient suspected of having a mycotic infection. Emphasis is placed on the 
pathogenic flora most commonly recognized in the New York area. However, 
certain fungus infections rare in this area, such as coccidioidomycosis, are ade- 
quately discussed. The advantages of using filtered ultraviolet rays in detecting 
hidden skin lesions such as tinea versicolor, and in differentiating fungi in cultures, 
are explained. 

The text contains numerous clinical and laboratory photographs which are 
excellent. The book is one which should appeal to students and physicians 
interested in the field of cutaneous mycology. 

M. B. 


Heil Hunger! Health under Hitler. By Martin Gumpert. Translated from 
the German by Maurice SAMUEL. 128 pp. $1.75. Alliance Book Cor- 
poration: Longmans, Green & Company, New York and Toronto, 1940. 

“This work has a double purpose. It seeks, by means of facts, to destroy the 
legend of the power-radiating healthfulness of the Third Reich and to expose it 
as the propaganda lie which it is. It seeks to demonstrate clearly that Fascism 
produces not health, but sickness, that it is the unhealthiest and most unwhole- 
some political system ever born in the brain of man. Wherever this disease 
spreads—and unfortunately there seems to exist no immunity against it—it brings 
other diseases with it.” Dr. Gumpert, refugee from the City Clinic for Skin and 

Venereal Diseases in Berlin, says he dislikes and disapproves of the Nazis and 

what’s more that poor health conditions in Germany are all their fault. To prove 

his points he quotes liberally from Statistisches Jahrbuch fiir das Deutsche Reich, 

Berlin, 1938, the Deutsche medizinische W ochenschrift, the London Globe, New York 

Times, The Nation, etc., etc. Like many scientists who write about subjects 

other than their own he starts out with a clear-cut, completely prejudiced view- 

point and uses every manner of evidence to support it. He doesn’t do badly, of 
course, but most of the data tend to impress the reader with the fact that Germany 
really is suffering privations while lending all her efforts toward perfecting her war 
machine. It is illuminating to read of the Nazi pragmatic, not to say heartless 
attitude toward the sick as expressed in certain articles in the medical journals. 

Their tuberculosis patients must work; their youth and aged must work; their 

insane must be collected in concentration camps; war neuroses must be handled 

briskly; the physically unfit shall be excluded from education; and war comes 
before all else. This is not a book that will add to the historical account of this 
unbelieveable war nation that is Germany. 

H. M. T. 


Anemia in Practice. By Wrtt1AM P. Murpuy. 344pp. Illus. $5.00. W. B. 
Saunders Company, Philadelphia, 1939. 

In this treatise the author presents the results of his personal experiences in the 

diagnosis and treatment of different forms of anemia both in the clinic and in 
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private practice. The major portion of the book is given over to a discussion of 
the various aspects of pernicious anemia. Among the more interesting chapters 
are those devoted to the history of pernicious anemia, and to the complications 
of the disease. The importance of vigorous parenteral therapy in patients suffer- 
ing from combined degeneration of the spinal cord is properly stressed; the author 
offers convincing evidence that improvement in the neurologic status will take 
place, provided adequate treatment with liver extract is instituted and main- 
tained. Case reports are employed to advantage in illustrating certain points in 
differential diagnosis and correct therapy. 

Unfortunately there are a number of features of the book which are subject to 
severe criticism. The amount of space devoted to the hypochromic anemias, the 
hemolytic anemias, and the aplastic anemias is inadequate. The recommendation 
of parenteral liver extract therapy as an adjunct to the oral administration of iron 
salts for the treatment of hypochromic anemias is contrary to the opinion of the 
great majority of hematologists and only serves to confuse the practitioner for 
whom this book is obviously intended. The reviewer is not aware of any convinc- 
ing evidence that the anti-pernicious-anemia principle in liver exerts a beneficial 
influence upon the iron-deficiency anemias, whereas there are numerous reports in 
the literature to the contrary. Furthermore, the author leaves the reader with 
the false impression that there is only one reliable commercial liver extract for 
the treatment of pernicious anemia. Such an inference is entirely unwarranted 
and at the same time very unfair to other firms whose extracts have been shown 


to be just as effective as that recommended by the author. The chapter on 
laboratory procedures is incomplete and the color plates are not particularly good. 
The text rambles a good deal and there is considerable repetition. On the whole, 
the book cannot be very highly recommended. Far more accurate and more 
interesting discussions of anemia are available to the student and practitioner. 
W. H. B. 


Virus and Rickettsial Diseases. A Symposium held at the Harvard School of 
Public Health, June 12—June 17, 1939. 907 pp. $6.50. Harvard Uni- 
versity Press, Cambridge, Mass., 1940. 

Last summer a symposium on virus and rickettsial diseases was held at the 
Harvard School of Public Health. The papers presented at that symposium, 
most of them by members of the Harvard University faculty, have now been 
published in book form. The first few papers deal with general aspects of the 
subject, such as epidemiologic problems in virus diseases, physical and chemical 
properties of viruses, immunologic considerations, and insects as vectors of these 
diseases. Then follow four papers on small-pox and vaccinia, including the neuro- 
logic complications of vaccination, three papers on measles, and one paper each 
on mumps, dengue fever, and lymphogranuloma inguinale. The absorption of 
toxic and infectious material from the respiratory tract is considered next, followed 
by a discussion of virus diseases of the respiratory tract, including the influenzas 
of man and swine, distemper in animals, and psittacosis. There are three papers 
on poliomyelitis, and a number on various virus diseases of the central nervous 





76 BOOK REVIEWS 


system, including certain epidemic types of encephalitis, rabies, equine encephalo- 
myelitis, lymphocytic choriomeningitis, and louping ill. Yellow fever is covered 
in three papers, and the volume concludes with four papers on rickettsial diseases. 

The papers comprising this book are well written and fully documented. The 
format of the book is attractive, and the printing is large and clearly legible. 
There are a few charts and maps; several drawings are reproduced to illustrate 
one paper, but there are no other illustrations. There is no index. 

In an undertaking so ambitious as this, it is not difficult to find minor points 
to criticize, but on the whole the effort to present the current knowledge of virus 
and rickettsial diseases in one volume has been remarkably successful. The book 
will undoubtedly be useful to medical students, practicing physicians, health 
officers, and investigators interested in infectious diseases. Without exception, 
the papers provide adequate summaries of the subjects covered. The intro- 
ductory chapters contain thought-provoking discussions of some of the general 
problems of virus diseases, particularly as they relate to the field of public health. 
Some of the papers, especially those on certain aspects of yellow fever and the 
rickettsial diseases, are authoritative reviews of those subjects. A few of the 
papers suffer from lack of critical appraisal of the v-!uminous literature cited, 
but this is to be expected in a book in which a numbe: oi the contributors had not 
had extensive first hand experience with the material under discussion. 

The papers comprising this volume were prepared primarily for physicians 
interested in the clinical or public health aspects of these diseases, rather than 
for investigators in this special field. The book fulfills a real need in providing 


reliable and scholarly summaries of the present state of knowledge of the principal 
virus and rickettsial diseases of man. The inclusion of an index would have 
greatly facilitated use of the book as a reference work. 


t.2.T 


Varicose Veins. By ALTON OCHSNER AND HOWARD MAHORNER. 147 pp. Iilus. 
$3.00. C. V. Mosby Company, St. Louis, 1939. 

Doctors Ochsner and Mahorner have succeeded in writing a short, concise book 
containing all the essential information pertaining to varicose veins. Further- 
more, the subject is presented in a clear, simple style with unnecessary elaboration 
eliminated. As a result, the entire picture of varicose veins is revealed in sharp 
focus. 

The history of the subject is dealt with in a section giving the chronological and 
bibliographical facts, but escaping the pitfall of dwelling on any lengthy disputa- 
tions as to precedence. 

The chapter on the anatomy of the saphenous system is particularly good and 
the first the reviewer has seen in which the fact is emphasized that the branches of 
the saphenous system, in many instances, empty into the femoral vein itself or a 
sapheno-femoral torcula. 

The part dealing with the pathology and physiology seems the weakest, but it is 
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also true that these are the two phases of the subject about which there is least 
factual knowledge. 

The discussion of the clinical examination is rationally expressed and concisely 
evaluates the comparative tourniquet test which the authors devised and which 
the reviewer has found to be a valuable procedure. 

All the forms of treatment are outlined and that which is advocated is based on 
definite anatomical and physiological principles. The bibliography is complete. 

This book is practical and is ideal for the practicing physician and medical 
student. 

RB: T. &: 
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Localized constrictions in the retinal arteries are frequently observed 
ophthalmoscopically in cases of severe arterial hypertension. How 
often these constrictions should be attributed to organic deformity of 
the vessel wall, and how often to vascular spasm is a problem which 
remains to be solved. In some cases, the arterial wall at the point of 
constriction appears opaque and thickened. Usually, however, the 
walls of the retinal arteries are not visible with the ophthalmoscope, 


and their condition can be judged only by inference. When a con- 
striction subsequently disappears, it may be supposed that it was due 
to angiospasm; though it is possible that atheromatous placques may 
sometimes disappear. Transitory constrictions have been reported 
chiefly in the hypertensive toxemias of pregnancy. On the other 
hand, the persistence of constrictions does not prove that they are due 
to organic disease. The information concerning the nature of the 
constrictions which are observed in cases of essential hypertension is 
rather confusing, and it was with the hope of obtaining a better under- 
standing of this particular condition that the present study was under- 
taken. This study forms a part of a general investigation of the retinal 
lesions in essential hypertension. 

Goldblatt and his coworkers have demonstrated that partial occlu- 
sion of the renal arteries of experimental animals induces a type of 
permanent hypertension which, in certain respects, resembles essential 
hypertension in man. They have found that at least a small per- 


1 This study was aided by a grant from the Commonwealth Fund for the study 
of essential hypertension. 
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centage of dogs and monkeys with experimental hypertension develop 
retinal changes; these have been studied clinically and histologically 
by Goldblatt and Keyes (1, 2). They describe vascular changes and 
thickening of the walls of the retinal arteries, but state that the degree 
of apparent involvement of the retinal arteries, as observed ophthal- 
moscopically, was not always confirmed histologically. However, 
they did not attempt to identify and correlate the changes seen oph- 
thalmoscopically with the microscopic lesions in individual arteries. 

We have had an opportunity to study the eyes of a dog with well 
marked renal hypertension and advanced changes in the retinal 
arteries. After careful ophthalmoscopic studies had been carried 
out and photographs and drawings of the retina had been made, one 
of the eyes was enucleated, fixed and cut into serial sections. By 
employing this methad it has been possible to correlate the ophthal- 
moscopic changes observed at any particular point in an artery with 
the microscopic changes at the same point. This is difficult to carry 
out in the human subject, since important alterations in the retinal 
arteries are likely to occur between the time when the patient is well 
enough to cooperate in retinal photography, and death. Since this 


is so, it seems desirable to present in detail the results of our correla- 
tion of clinical and pathological observations of retinal changes in a 
dog with experimental renal hypertension. 


Dog * 28, adult, female. Hound type. Weight 14.2 kilos. Goldblatt clamps 
were applied to both renal arteries on October 22, 1937, in another experimental 
laboratory.2 Direct arterial pressures, measured by means of the Hamilton opti- 
cal manometer, showed pressure levels ranging from 250/138 to 276/158 following 
clamping. Several weeks after the operation it was noticed that the dog seemed 
blind. The dog was received in this laboratory on April 13, 1938. The animal 
was in excellent general physical condition, but when set free on the floor, it moved 
around very cautiously, stretching out its head and neck and groping its way as 
though vision were very poor. Arterial pressure, determined by the indirect 
method of Erlanger, as modified by Kolls and Cash, ranged from 254 to 288 mm. 
systolic and from 163 to 190 mm. diastolic. By direct femoral puncture with a 
20-gauge needle connected with a mercury manometer, the arterial pressure was 
found to be 177 and 188 mm. of mercury on two occasions. A catheterized speci- 
men of urine showed a specific gravity of 1.026, a very faint trace of albumen and 





? This dog was kindly sent to us from the Hospital of the Rockefeller Institute 
by Dr. C. P. Rhoads. 
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no red or white blood cells or casts. The non-protein nitrogen of the blood was 
30 mgm. per 100 cc. Renal function was determined after intravenous injection 
of 1 cc. (6 mgm.) of phenolsulphonephthalein: on two occasions 65 and 74 per cent 
of the dye was excreted in two hours. 

Ophthalmoscopic examination on April 27, 1938 was as follows: 

Right Eye: The arteries show enormous variations in caliber, so that they 
look like link sausages in many places. There is greatly increased tortuosity of 
those arteries which show the greatest variation in caliber, but not of the arteries 
that appear normal. No “copper wire” or “silver wire” arteries are seen. Gen- 
eralized arterial constriction is not evident; in general the diameter of the arteries 
is half that of the veins. Arterio-venous compression is not conspicuous. There 
is slight papilledema. Near the disc there are petechial hemorrhages and just 
temporal from the disc are two cotton wool exudates. The nasal artery and vein 
have a sheath of hazy gray infiltrate around them; the retina is definitely edema- 
tous in that region. There is no detachment of the retina. 

Left Eye: The retina is partially detached. There are old hemorrhages in the 
vitreous humor. There is also a conjunctival hemorrhage. 

On April 29, 1938 photographs of the right fundus oculi were taken, and sketches 
of the fundus were made by the staff artist with the animal unanesthetized. The 
sketches were revised on May 2, 1938, when a new retinal hemorrhage was noted. 
The appearance of the vessels was unchanged. 

On May 6, 1938, after ophthalmoscopic examination had shown that no new 
change had appeared, both eyes were enucleated under ether anesthesia and 
immediately fixed in Bouin’s solution. 

Following enucleation of the eyes the animal remained in good health, with 
no change in the level of the arterial pressure, until it was killed on July 5, 1938. 

Autopsy: On gross examination of the thoracic and abdominal contents, many 
of the small arteries were found to be markedly tortuous; this was especially 
marked in the vessels of the mesentery but was also seen in the small branches of 
the coronary arteries. The small arteries felt thickened, and were more readily 
palpated and stiffer than normal. There was slight roughening of the aorta just 
above the aortic valve. The kidneys each weighed 39 grams and appeared 
grossly normal. Both renal arteries were entirely flattened out within the clamp; 
the right artery was potentially patent but the left artery was completely throm- 
bosed and calcified at the point of compression. Both kidneys showed a tre- 
mendous number of collateral arteries entering the cortex from the outer margin 
of the capsule, several of which were the size of a pencil-lead. A great number of 
small ones entered the hilum, and an artery the size of a pencil-lead ran upward 
along each ureter. On one side this artery apparently formed an anastomosis 
with the renal artery distal to the clamp. The renal capsule was not adherent 
and there was little external scarring of the kidney cortex. On cutting into the 
kidney, occasional white pinhead-sized scars were observed in the cortex. The 
findings were similar in the two kidneys. The other organs were not remarkable. 
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Microscopical Examination: Kidneys: There was no arteriosclerosis or arteriolo- 
sclerosis. There were no changes in the giomeruli. There were some casts in the 
tubules and a slight mononuclear cell infiltration of the pelves of the kidneys. 
Arteries of viscera and skeletal muscle: There was no hyalinization or necrosis of 
the walls of the small arteries or arterioles. There was questionable thickening 
of the medial coats of some of the arteries, especially of the mesentery, but this was 
not marked. The remainder of the microscopical examination was essentially 
normal. 


METHOD OF CORRELATING DRAWING, PHOTOGRAPHS AND SERIAL 
SECTIONS OF RIGHT RETINA 


The drawing of the right fundus oculi is shown in Figure I, where 
the various vessels to be considered are labelled A, B, C, D and E. 
The drawing was based on sketches made from direct ophthalmoscopic 
observation and the details were checked with the retinal photographs. 
Two of the photographs are shown in Figures II and III. No de- 
tailed studies of the left eye were made on account of the extensive 
detachment of the retina. 

Serial sections 10 micra in thickness were cut in the plane indicated 
in the: drawing by the line S—S. Three successive sections were 
mounted on one slide and each fifth slide was stained with hemotoxylin 
and eosin. It was then possible to identify in the sections certain 
key positions such as arterio-venous crossings, bifurcations, the optic 
disc and the tapetum. The regions of particular interest were then 
identified and all sections through these regions were stained with 
hemotoxylin and eosin or Verhoeff-Van Gieson stain. By following 
any one vessel from one definitely identified landmark to another it 
was possible to pick the exact series of sections in the region of any 
given point in the fundus picture. 


MICROSCOPIC LESIONS OF THE RETINA 


Organic changes observed histologically in the retinal arteries were 
typical of arteriolar sclerosis and consisted of medial hypertrophy 
and hyalinization, with occasional slight endothelial hyperplasia which 
was nowhere prominent (Figures IV, Al, B1). Such organic lesions 
were plentifully distributed throughout the sections, occurring chiefly 
in the smaller arteries, but also appearing in some of the larger ones. 
However, it was not always possible to find organic changes corres- 





1 
“ 
1 
i 
. 
a 
n 
< 
t 
y 


RETINAL ARTERIES IN RENAL HYPERTENSION 83 


ponding to a particular constriction. Furthermore when organic 
changes were present the narrowing of the lumen was not always in 
proportion to the severity of the organic lesions as shown by wall and 
lumen measurements. Three kinds of lesions could be demonstrated: 


Fic. I. Artist’s DRAWING OF FUNDUS WITH ARTERIES LETTERED FOR 
IDENTIFICATION 
The numbers show location of various sections to be demonstrated. The line 
S—S indicates direction of the sections. 


(a) clinical narrowing of the vessel without corresponding organic 
changes; (b) organic changes without clinical or histological narrowing 
of the lumen, and (c) organic changes with corresponding clinical and 
histological narrowing of the lumen. 
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The first of these, clinical narrowing without corresponding organic 
changes, is best demonstrated in arteries A and B (Figures I, IT and 


II. PHotoGRAPH SHOWING VESSELS ABOVE THE Disc 


Fic. II. PHoroGrarpu or Disc SHOWING VESSELS IN THIS REGION 


III). Artery A shows several marked localized constrictions which 
are clearly visible in the drawing and photographs, but when one 
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follows this vessel through the sequence of sections, there is no equiva- 
lent narrowing of the lumen proximal to the point y._ There is, how- 
ever, slight medial thickening throughout this vessel and at one place 
(point 1, artery A) there is marked thickening with hyaline degenera- 
tion and fibrosis (Figure Al), but even here the lumen is of the same 
size as in the neighboring few proximal sections (Figure A2), and 


PY 
Fic. IV. Section oF A SMALL ARTERIOLE NOT IDENTIFIED IN PHOTOGRAPHS, 
SHOWING TYPICAL CHANGES OF ARTERIOLAR SCLEROSIS CONSISTING OF MEDIAL 
HYPERTROPHY, HYALINE DEGENERATION AND ENDOTHELIAL HYPERPLASIA. 
(Magnification 750.) 


nowhere else below the point y is there either marked organic change 
or histological narrowing of the lumen to account for the constrictions 
seen ophthalmoscopically. At point 3 of artery A there is a marked 
constriction shown both in the drawing and the photographs, but 


sections through this point show no corresponding organic changes. 
In Figure A3 every third serial section through this part of the vessel 
is shown beginning just distal to point 3, artery A and going well 
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beyond the constriction. The variation in the lumen seen in those 
sections is no greater than that seen in serial sections of normal retinal 
arteries. 

Similarly artery B shows no organic lesion below point 1 except a 
slight medial thickening which is present throughout. At point 1 a 
marked constriction of the vessel could be seen ophthalmoscopically 
and sufficient organic changes are seen in the sections to account for 
it (Fig. B1); but proximal to this point there are no lesions to ac- 


Fic. Al. SECTION OF ARTERY A AT PoINT 1 WHERE CONSTRICTION WAS OBSERVED 
Arterial wall shows hypertrophy and hyaline degeneration but no equivalent 
narrowing of the lumen. (Magnification 500.) 
Fic. A2. SECTION OF ARTERY A AT POINT 2 WHERE THERE WAS NO VISIBLE 
CONSTRICTION 
Arterial wall shows slight changes and the lumen is the same size as that of 
Figure Al. (Magnification x 500.) 


count for the constrictions; and at point 2 where a marked constriction 
appears in the retinal photographs there is a nearly normal lumen with 
no more organic change than is seen everywhere else in this vessel 
(Fig. B2). 

Organic vessel changes without relative narrowing of the lumen are 
shown in artery A at point 1 (Fig. Al) considered above. Similar 
changes were observed in artery C where there is fairly marked fibrous 
thickening of the media at point 1, but histologically the lumen is 
of nearly the same caliber as at point 2 where changes in the wall are 
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much less marked (Figs. C1 and C2). Thus even where there are 
localized organic lesions in the vessel these do not necessarily narrow 
the lumen histologically. We cannot be certain whether there were 
clinical constrictions at these points in vessel C, because the photo- 


Fic. A3. SERIAL SECTIONS OF ARTERY A THROUGH Point 3 WHERE THERE WAS 
MARKED CONSTRICTION 
Wall of artery shows only slight histologic changes and no narrowing of the 
lumen. (Magnification x 300.) 


graphs are somewhat indistinct in this region and there are not suffi- 
cient landmarks to place the sections accurately. 

Organic changes in the vessel wall with histologic narrowing of the 
lumen were found to correspond with clinical arterial constrictions at 
point 1, artery B (Fig. B1). Here the vessel is narrower than at the 





Fic. B1. Secrion oF ARTERY B at Pornt 1 WHERE MARKED CONSTRICTION 
Was SEEN 


Wall of artery shows marked medial hypertrophy and hyaline degeneration 
with narrowing of the lumen. 


Fic. B2. Section oF ARTERY B at Point 2 WHERE MARKED CONSTRICTION 
Was SEEN 

Arterial wall shows only slight medial hypertrophy and no constriction of the 
lumen. 
Fic. B3. SECTION OF ARTERY B At Point 3 WHERE NO CONSTRICTION WAS SEEN 

There is slight medial hypertrophy and narrowing of the lumen 
Fic. Ci. SECTION oF ARTERY C AT ABOUT POINT 1 WHERE ARTERY WAS PROBABLY 
NARROW, BUT NO LOCALIZED CONSTRICTION Was EvIDENT 

There is fairly marked medial hypertrophy. Compare lumen with Figure C2. 

Fic. C2. Section of artery C at about point 2 showing moderate hypertrophy 
but much less than at point 1; however, the lumen is almost the same size as at 
point 1. Compare with Figure C1. (Magnification of all sections x 500.) 

88 





RETINAL ARTERIES IN RENAL HYPERTENSION 89 


more peripheral point 3 (Fig. B3) where the wall is thinner and the 
lumen much wider. Similar correspondence of ophthalmoscopic and 
histologic narrowing could also be demonstrated in artery D. Artery 
E was entirely normal throughout, clinically and _ histologically 
(Fig. E). 

Histologically, the retinal veins appear normal throughout. There 
is moderate edema of the optic disc and of the retina immediately 
surrounding the disc. There is no generalized retinal edema, but some 


Fic. E. Section oF ARTERY E Wuicuw Was ENTIRELY NORMAL CLINICALLY 
AND Is NorMAL HISTOLOGICALLY. (MAGNIFICATION 500.) 


diffuse atrophy of the rods and cones and cellular layers of the retina. 
The hemorrhages and exudates could not be studied satisfactorily 
because the sections through that part of the retina were marred by 
artefacts. 


CORRELATION OF CLINICAL AND PATHOLOGICAL OBSERVATIONS 
Organic changes corresponding to a given constriction, noted 

clinically, are not always to be found, despite the frequent occurrence 

of arterial thickening histologically. Even at points where organic 
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changes are present, the ophthalmoscopic narrowing of the lumen is 
not necessarily verified in the same proportion microscopically. 

For this reason we have concluded that some of these localized con- 
strictions such as those demonstrated in arteries A and B are due to 
localized functional contraction of the artery wall. These changes in 
caliber are believed to represent true constrictions for care was taken 
in the ophthalmoscopic examination to focus sharply on the vessel 
wall, thus ruling out apparent changes in caliber due to tortuosity of 
the vessel. 

The pathological changes reported here are similar to those described 
by Keyes and Goldblatt, but are not nearly so severe. It is possible 
that the advanced changes which they reported were due to the more 
prolonged hypertension in their animals, some of which had extensive 
intraocular hemorrhage and long-standing retinal detachment. In 
old retinal detachments in man one frequently sees obliterative changes 
in the vessels similar to the more severe changes which they found. 
Thickening, degeneration and hyalinization of the intima was almost 
completely lacking in our sections, and an increase in elastic fibers 
was not noted. 

The histologic arteriolar changes observed in the present animal 
closely resemble those found in essential hypertension of human beings 
as reported by Moritz and Oldt (3) in the arterioles of the viscera and 
skeletal muscle, and by Verwey (4), Friedenwald (5) and Keith and 
Wagener (6) in the retinal arterioles. 

The relationship between hypertension in dogs as produced by a 
Goldblatt clamp and the hypertension seen in human beings has not 
been established and there is no assurance that they are equivalent. 
Our findings therefore do not necessarily shed light upon the retinal 
arterial lesions found in human hypertension. They do, however, 
constitute new and binding evidence that localized spastic constric- 
tions of considerable permanence can occur in the retinal arteries in 
the course of hypertensive disease in dogs. However, these studies 
have not enabled us to distinguish ophthalmoscopically between or- 
ganic and spastic constriction. 


SUMMARY 


Retinal changes occurring in a dog with experimental hypertension 
were recorded by means of drawings and retinal photographs. The 
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eye was enucleated and cut in serial sections, and the histological 
changes in the retinal arteries were correlated with the ophthalmo- 
scopic findings. By this method it was shown that localized arterial 
constrictions seen ophthalmoscopically may occur either with or 
without corresponding histological changes, and likewise histological 
changes may be present either with or without a corresponding clinical 
constriction. 

It is noteworthy that in dogs with experimental renal hypertension, 
persistent localized constrictions may be seen ophthalmoscopically 
in arteries in which no organic changes are demonstrable in the vessel 
wall at the constricted points. It is concluded that such constrictions 
are due to arterial spasm. 
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It has been known for some time that the strength of antitoxin 
in vitro as determined by a standard method of assay is not always 
proportional to the ability of the antitoxin to save the life of animals 
that subsequently receive tetanus toxin. In the course of some work 
on experimental tetanus we made a quantitative determination of the 
protecting values of antitoxin against toxin introduced into the blood 
stream and into the lumbar cord of dogs (1). These studies have now 
been extended to include the protecting values of antitoxin against 
toxin introduced intravenously, intramuscularly, intracutaneously, 
and subcutaneously in both tetanus-resistant and tetanus-sensitive 
laboratory animals. It is the purpose of this communication to record 
these experimental observations and to discuss their significance in 
relation to certain theories which have been proposed in the literature. 


MATERIALS AND PROCEDURES 


A large amount of a concentrated antitetanic serum was supplied by Sharp and 
Dohme, Inc., who made in their laboratories an exact determination of its strength. 
The serum was re-assayed by us. By both methods the serum was calculated to 
contain 1400 American Units per cubic centimeter. Dr. W. G. Malcolm of the 
Lederle Laboratories generously supplied a quantity of very potent toxin, and 
toxin was also given to us by Sharp and Dohme. The toxins were assayed at 
frequent intervals by the method which Abel and his co-workers proposed (2). 
All dilutions were made with carefully dried volumetric serological pipettes. The 
diluents were normal saline solution for the antitoxin and beef extract broth for 
the toxin. Any dilution which could not be used within 5 minutes was placed 
in the ice box until used (never more than 30 minutes). The dilutions of toxin 
were kept on ice even when in use. 





1 Aided by a grant from The John and Mary R. Markle Foundation. 
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In all experiments the antitetanic serum was injected intravenously immedi- 
ately before the toxin was injected, except in those experiments in which the toxin 
and the antitoxin were mixed in vitro, kept at room temperature for one hour, and 
then injected intramuscularly. The intravenous injections were made into a 
superficial vein of the thigh in the guinea-pig, a caudal vein in the mouse, and a 
superficial vein of the forelimb in dogs and cats. 

Since in experiments of this sort the result of toxin-antitoxin reactions in any 
one species depends upon the number of lethal doses of the toxin and the number 
of units of antitoxin, as we shall demonstrate later in this report, the concentra- 
tions and the volumes of our injected dilutions were those which most conveniently 
contained the lethal doses and units required. In mice and guinea-pigs the volume 
of antitoxin injected was not more than 0.2 cc. and 1.0 cc. respectively; the volume 
of toxin was usually not more than 0.5 cc. In dogs and cats the volumes varied 
more widely because the doses were calculated and recorded on the basis of body 
weight. 

The same antitoxin was used in all experiments. Toxin 713.4 (Sharp and 
Dohme) was used with guinea-pigs and mice; for the sake of convenience a stronger 
toxin (641 F and G) was used with dogs and cats. Control experiments on 
guinea-pigs with the stronger toxin and on dogs with the weaker toxin showed no 
essential difference in the reactions of these toxins to the antitoxin. 

Guinea-pigs, which were obtained through commercial dealers, averaged 350 
grams in weight except where otherwise stated. White mice weighed 30 to 35 
grams. Dogs and cats were healthy adult mongrels. Observations on the 
animals were recorded daily. The animals were examined after death and the few 
that died from pneumonia or other cause were excluded from the series. 


EXPERIMENTAL RESULTS AND DISCUSSION 


Table 1 records our experiments with guinea-pigs; Table 2, with 
mice; Table 3, with dogs; Table 4, with cats. In order to facilitate 
interpretation of the experimental results we have calculated, on the 
basis of (a) a five-day death and (b) a later death,? the number of 
guinea-pig median lethal doses (G-P LD50’s) of toxin against which 
the stated amount of antitoxin will protect 50 per cent of the animals. 
These calculations, which summarize the first 4 tables, are presented 
in Table 5. In calculating this ‘‘median protecting power” of anti- 
toxin we have used the formula which we use for calculating the median 
lethal dose of tetanus toxin (2). 


* All animals were kept for at least 2 weeks. Those with any symptoms of 
tetanus were observed until they either died or showed steady improvement in 
their condition. 
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It should be stated at the outset that the data here given represent 
only an approximate quantitative estimate of the protecting power of 
our antitoxin in relation to the toxins we used. With other toxins and 
antitoxins one might obtain slightly different values, although one 
would expect to find the same relative differences between the species 


TABLE 1a 


Guinea-pigs—protecting power of 1.0 unit of antitoxin injected intravenously against tetanus 
toxin injected by various routes 





ROUTE OF ADMINISTRATION OF TETANUS TOXIN 





Intravenous | Intramuscular | Subcutaneous | Intracutaneous 





Num- Num- Num- Num- 
ber of ber of ber of ber of 
surviv- surviv- surviv- surviv- 
ors = ors ors 








Symp- : Symp- ; Symp- 
toms died toms toms 








Yes| No Yes} No Yes| No 
1 





3- 43 12 | 6 4 
54— a 1 
58.5 
65- 72 1 1 
85 1 
98 
145— 360 

420- 455 
490 
500- 520 
545 
575 

1080-1800 

2800-3600 

4000 

4270 

4700-6000 


















































and between the routes of administration of the toxin. Obviously, 
however, any investigator needing such data must determine the 
required values in his own laboratory with his own toxins, antitoxins, 
and animals. 

1. Certain differences exist in the protecting power of antitoxin against 
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TABLE 1b 
Guinea-pigs—protecting power of 0.1 unit of antitoxin injected intravenously against tetanus 
toxin injected by various routes 





ROUTE OF ADMINISTRATION OF TETANUS TOXIN 





Intravenous | Intramuscular | Subcutaneous 





Num- Num- Num- 

ber of ber of ber of 

surviv- surviv- surviv- 
ors ors _ ors 





Symp- | a: Symp- 
toms toms 





Yes| No Yes| No 

















2|2 
5 


- 160 
— 240 
- 31S 
— 340 


Se ee ee ee ee) 


— 450 
-2000 | 


















































toxin introduced by various routes. It will be observed that when toxin 
and antitoxin are mixed im viiro* and then injected intramuscularly, 


3 In these experiments we made our dilutions according to one of the standard 
methods of assaying antitoxin. The toxin was diluted with broth, the antitoxin 
with normal saline solution. A constant volume of the antitoxin dilution was 
mixed with different volumes of the toxin dilution. Then to each tube was added 
enough normal saline solution to make a volume of 4.0 cc. in the experiments with 
guinea-pigs and 2.0 cc. in the experiments with mice. It is conceivable that this 
volume of saline solution might have caused deterioration of the toxin and thereby 
led us to believe that the neutralizing power of the antitoxin was greater than it 
really was. We therefore repeated these experiments, using broth where before 
we had used saline solution. The absence of saline solution and the use of broth 
throughout was not accompanied by any increase in the apparent strength of the 
toxin or by any decrease in the neutralizing power of the antitoxin. 
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a unit of antitoxin is capable of protecting against from 1.5 to 9 times 
more toxin than when the two are injected separately into the veins. 
This observation may mean that when there is present in the blood 
stream of an animal a certain amount of toxin and an excess of anti- 
toxin as measured by the in vitro protecting value, neutralization of 
each molecule of toxin in the blood stream is not instantly and com- 
pletely effected, thus permitting a portion of the toxin to escape and 


TABLE 2a 
Mice—protecting power of 1.0 unit of antitoxin injected intravenously against tetanus toxin 
injected by various routes 





ROUTE OF ADMINISTRATION OF TETANUS TOXIN 





Intravenous | Intramuscular | Subcutaneous 





Num- Num- 
ber of ber of ber of 
surviv- surviv- 

ors ors ors 








Symp- | died | SY™P- | dieq | SY™P- 
toms | ‘ed | “toms | died | “toms 








Yes| No Yes| No Yes} No 


1 











1 
2 
7200-32000 | 15 


















































become fixed in the body tissues where it is at first more difficult to 
neutralize and eventually incapable of neutralization. It has often 
been demonstrated, for example by Abel and his co-workers (2), that 
when toxin is deposited in the blood stream of an animal either by 
direct injection into the vein or by subsequent absorption from an 
intramuscular or subcutaneous injection, a certain amount of it 
readily passes from the blood stream and becomes fixed (non-recover- 
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able) in an astonishingly short time. It was long thought that once 
toxin became fixed it could no longer be neutralized. Abel and 
Chalian (3) showed that fixed toxin can be neutralized by antitoxin 
up to a certain point in the period of incubation. The antitoxin must, 
however, be present in great excess for this to be accomplished. Our 
observation, that when toxin and antitoxin are introduced directly 
into the blood stream the protecting power of antitoxin is less than 


TABLE 2b 
Mice—protecting power of 0.1 unit of antitoxin injected intravenously against tetanus toxin 
injected by various routes 





ROUTE OF ADMINISTRATION OF TETANUS TOXIN 





In vitro Intravenous | Intramuscular 





Num- Num- 
ber of ber of ber of 
surviv- surviv- 
ors 
toms 


ors 








Symp- | died | S¥Y™P- 








es| No Yes| No 


13.5 1 
16.5 
24.0 
31.5 
36.0- 37.0 
45.0- 145.0 
180.0— 190.0 
215.0- 220.0 
260.0— 335.0 
360.0— 535.0 
575.0— 585.0 1 
625.0-3250.0 | 12 
























































when the two are mixed in vitro before injection, may explain the fact 
that, as others have shown, an animal can actually die of tetanus and 
still have some antitoxin present in the blood stream at death. A 
recent report (4) cites such an experiment, erroneously in our opinion, 
as evidence that the toxin cannot be conveyed to the central nervous 
system by the blood, but must be transported there by peripheral 
nerves. 

Our tables likewise show that antitoxin delivered into the blood 
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stream is somewhat less effectual in protecting against toxin injected 
intradermally, subcutaneously, or intramuscularly than against toxin 
injected intravenously,‘ and it is significant that the ratio of the pro- 
tecting value of antitoxin against toxin in the blood stream to that 
against toxin in the skin, subcutaneous, or intramuscular tissue is of 
the same order in each series. 

TABLE 3 


Dogs—protecting power of 1.0 unit of antitoxin per kilogram injected intravenously against 
tetanus toxin injected by various routes 





ROUTE OF ADMINISTRATION OF TETANUS TOXIN 





Intravenous Intramuscular Into Lumbar Cord* 





Number of sur- Number of sur- Number of sur- 
vivors Num- vivors Num- vivors 


that Symptoms that that 
ee eee died 
Yes No 


Num- 
ber 








200- 2250 
2400- 2550 
2720 
2800 
3060 
3100- 4500 
4700— 5100 
5500- 6000 
6600-— 6800 
7250- 8250 
9000-17000 
































* The animals that received the toxin in the lumbar cord were given 10 units of anti- 
toxin per kilogram and 10 times the amount of toxin indicated. This was done in order 
to be certain fatal amounts of toxin were given. 


These observations also confirm the similar experiments with antitoxin on 
guinea-pigs by Friedemann and his co-workers (4). They found that the ratio 





“ Some authors (5) have suggested that when antitoxin is injected intravenously 
its concentration in the tissue fluids is only one twenty-second of its concentration 
in the blood stream. Undoubtedly some such factor is at least partly responsible 
for the difficulty in neutralizing toxin injected into tissues. 
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between the toxin injected intramuscularly and that injected intracutaneously is 
the same when death is the end-point. Ignoring their results in regard to intra- 
cutaneously injected toxin, however, they used their experiments with intramuscu- 
larly injected toxin as the basis for suggesting that toxin may be altered in muscle 
tissue into a new lethal agent (6) (7). It is obvious, however, from our work and 
from Friedemann’s, that he might as reasonably have suggested that tetanus toxin 
is altered in cutaneous or subcutaneous tissue if it is granted that toxin injected 
intradermally or subcutaneously is absorbed chiefly into the blood-lymph system 
and is not transported in toto and exclusively to muscles. The fact that the lethal 
dose is the same whether the toxin is injected intravenously, intramuscularly, or 
subcutaneously (8) demonstrates at least that no potentiation of toxin occurs in 
the muscle of the living animal. 


TABLE 4 
Cats—protecting power of 1.0 unit of antitoxin per kilogram injected intravenously against 
tetanus toxin injected per venam 





INTRAVENOUS 


Number of survivors 








Symptoms 




















The differences observed in the protecting power of antitoxin against 
toxin introduced by various peripheral routes are not great. When 
toxin is injected into muscle, skin, or subcutaneous tissue, from 4 to 
20 times more antitoxin is required for neutralization than after in- 
travenous injection of toxin. An astonishingly great difference is 
noted, however, when we compare the protecting power of antitoxin 
against toxin placed directly in the lumbar cord with the protecting 
power of antitoxin against toxin given intravenously. When toxin 
is injected into the blood stream a unit of antitoxin will protect against 
70005 times as many guinea-pig median lethal doses as when the toxin 


® The ratio varied from 5750 to 8250 G-P LD50’s, depending on the length of the 
test period. The ratio for toxin injected into muscle as compared with toxin 
placed in the cord varied from 2200 to 3500. 
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is placed in the lumbar cord.’ In other words, it takes roughjy 7000 
times as much antitoxin circulating in the blood stream of an animal 
to protect against toxin in the cord as it does to protect against the 
same amount of toxin in the blood stream. Even if we take into con- 
sideration the fact that the lethal dose when toxin is injected into the 
cord is much smaller than when it is injected intravenously (1), the 
difference referred to above is less but is still very much greater than 
the difference between the protecting value of antitoxin against toxin 
in the blood stream and the protecting value of antitoxin against toxin 
in the intramuscular, subct'taneous, or intradermal tissues. 

2. The effect of concentration. In experiments in which antitoxin is 
injected intravenously the amount of toxin neutralized in any one 
species should be proportional to the amount of antitoxin given or to 
the concentration of antitoxin in the blood stream. It was generally 
true in our experiments that one unit of antitoxin neutralized ten 
times as much toxin as did one-tenth of a unit of antitoxin. (See 
Table 5.) In those instances where the proportion was not exact, 
the larger amount of antitoxin usually neutralized a relatively greater 
amount of toxin than did the smaller amount of antitoxin. These 
differences are probably not significant. Variations of somewhat the 
same nature occur occasionally, although the causes are not known 
(9). It is likely that the use of a larger number of animals would have 
reduced the incidence of these variations in our experiments, especially 
if it had been practicable to inject all the animals on the same day, 
as was done in the experiment described below and recorded in Table 6. 
In this experiment 10 units of antitoxin neutralized just 100 times as 
much toxin as was neutralized by one-tenth of a unit of antitoxin. 

The concentration of the toxin after it has been injected into the 
muscle or the skin is not known. In fact, it is doubtful whether one 
can properly speak of concentration in such a case. But it seemed 
worth while to control, as far as we could, the effect of varying the 
concentration of the injected toxin, especially since it has been stated 
in reference to similar experiments that tetanus toxin injected into 
muscle remains undiluted (4), and since, as already mentioned, the 


® There is no absolute blood-brain barrier to tetanus antitoxin, but we do not 
know whether antitoxin passes out of the blood stream into the tissues of the 
central nervous system as readily as into other body tissues. 
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toxin and the antitoxin were not diluted to the same degree in all the 
experiments. 

We carried out a number of experiments in which different volumes 
of various dilutions of toxin were injected intramuscularly. A volume 


TABLE 5 
The power of intravenously injected antitoxin to neutralize tetanus toxin subsequently injected 
by various routes 
The numbers represent the number of G-P LD50’s of toxin neutralized 


ROUTE OF ADMINISTRATION OF TETANUS TOXIN 








In vitro | Intravenous | Intramuscular | Subcutaneous 





Period of sur- | Period of survival | Period of survival | Period of sur- 


viva. 





s days | Id | s days | He | saupe | Tae | 5 aaye| In 





Guinea-pigs 














aiasbes 530 50 
340 | 55 37 9 


























500 
34 








Into Lumbar 
Cord 























1.0t 8650* | 6200* | 3300* 1.5t | 75t 
Cats 














.o¢ | | | szoor | ozo} | | 





* Number of guinea-pig median lethal doses per kilogram of body weight. 

t These animals actually received 10.0 units of antitoxin per kilogram, and the actual 
toxin values therefore have been divided by 10 to make them comparable with the 
other figures. 

t Each animal received 1.0 unit of antitoxin per kilogram of body weight. 


of 0.5 cc. of each dilution was injected into some animals, into other 
animals a volume of 0.05 cc. The animals in the right hand column 
of Table 6, therefore, received one-tenth as much toxin in the same 
concentrations as the animals in the other column. The strength or 
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number of G-P LD50’s of each dose of toxin injected is also shown. 
Antitoxin was given intravenously immediately before the toxin. 
Table 6 is typical of a number of experiments of this sort. It is quite 
clear that the concentration of the solution in which the toxin is 
injected into the tissue has nothing whatever to do with the neutraliza- 
tion of the toxin. As one would expect, survival or death in such an 
experiment depends entirely upon the number of G-P LD50’s of toxin 


TABLE 6 
The lack of effect of varying the concentration of the dilution in which the toxin is injected 
48 guinea-pigs. Toxin 641 G injected intramuscularly immediately after the 
intravenous injection of antitoxin* 





0.5 Cc. OF TOXIN DILUTIONS 0.05 Cc. OF TOXIN DILUTIONS 





Number of | + = Death within 5 days, ® =| umber of | + = Death within 5 days, @ = 
>, \Death in 5 to 10 days, O = Sur- >», |Death in 5 to 10 days, O = Sur- 
G-P LD50’s vival more than 10 days G-P LDS0’s vival more thas 10 days 





Each animal received antitoxin 0.1 cc. 1:14 = 10 units 





1100 ++ 110 
+ ® 73 
+ ® 55 
ote) 44 
ote) 36 
ote) 27 


Each animal received antitoxin 0.1 cc. 1:1400 = 0.1 unit 


110 + ++ 

73 ++ . + ®@ 
55 ++ : ++ 

44 ++ . 8 
22 ++ 
11 ++ 


* Antitoxin no. 24108 (Sharp and Dohme) = 1400 units per cc. 
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1: 
1 
1 


SE2E25 




















Sgee85 


—_ 
— 
> 





injected into the muscle and, of course, upon the amount of antitoxin 
given or its concentration in the blood. 

3. The protecting power of antitoxin varies in different species. If 
one compares, as we have in Table 5, the number of guinea-pig median 
lethal doses of toxin that are neutralized by a given amount of anti- 
toxin, it is apparent that the antitoxin is relatively more efficient in 
the body of animals resistant to tetanus toxin than in those very 
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sensitive to the toxin. This is, however, a general trend only, and the 
efficacy of antitoxin does not always vary in proportion to the sensi- 
tivity of the species. For example, there is a relatively great difference 
in the protecting power in the mouse and in the guinea-pig, although 
the mouse is only four times as resistant as the guinea-pig; and al- 
though the cat is more resistant than the dog, a unit of antitoxin 
neutralizes as many G-P LDS50’s of toxin in the blood stream of the 
dog as in the cat. 

In analyzing the data it is pertinent to consider the amount of toxin 
which constitutes the lethal dose for the species, for it is possible that 
in each experiment an amount of toxin slightly less than the lethal 
dose may have remained unneutralized. We may, therefore, deduct 
from the values recorded in Table 5 the number of G-P LD50’s which 
constitute the lethal dose for the species. The lethal dose for the 
guinea-pig and for the mouse is so small (1.0 and 0.5 G-P LD50’s 
respectively) that the values in Table 5 are hardly altered. The 
lethal dose for the dog and for the cat’ are much larger, but their 
subtraction from the values in Table 5 does not significantly alter 
the relationship between the number of G-P LDS50’s neutralized in 
the body of various species per unit of antitoxin. A unit of antitoxin 
still neutralizes more toxin in the resistant dog and cat than in the 
mouse and the guinea-pig. 

Nor can we explain the differences in the reactions of these species 
by the fact that the concentration of the toxin and of the antitoxin 
is different in each species. In Table 7 we have calculated the plasma 
concentrations in those experiments in which both toxin and antitoxin 
were injected intravenously. It will be seen that in the blood stream 
of the more resistant animal the same or a lower concentration of 
antitoxin neutralizes a higher concentration of toxin than in the more 
sensitive animal. 


Apparently the same relationship holds when the toxin is injected not into the 
blood stream but directly into the tissues, although there is no sure way of esti- 
mating the concentration of the toxin in the tissues. The figures in the last column 


? The 5-day LD 50 for the dog is 845 G-P LD50’s per kilogram, but 480 G-PLD 
50’s per kilogram almost invariably kill all the dogs within 10days. The5-day 
LD 50 for the cat is 2020 G-P LD50’s per kilogram, but 960 G-P LD50’s per kilo- 
gram almost invariably kill all cats within 10 days (8). 
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in Table 7 show that the same concentration of antitoxin in the blood stream neu- 
tralizes 50 G-P LD50’s of toxin in the muscle of the guinea-pig and 27 G-P LD50’s 
in the muscle of the mouse. It is probable, however, that 27 G-P LD50’s repre- 
sent a considerably greater concentration of toxin in the tiny muscle (as well as 
in the body as a whole) of the mouse than do 50 G-P LD50’s in the guinea-pig. 
Our results do not agree with the results of some recent experiments (10) (11) 
in which tetanus antitoxin was injected intravenously immediately before 10 
lethal doses of toxin were placed in the lateral ventricle of the brain of guinea-pigs 
and rabbits. These authors stated that a direct mathematical relationship exists 
between the species difference in the neutralizing power of antitoxin and the 
species sensitivity to the toxin. They found that when the same amounts of 
toxin are injected into both species the same concentration of antitoxin in the blood 
stream will neutralize the toxin. Our experiments, obviously, are not directly 


TABLE 7 
Species differences in the neutralizing power of tetanus antitoxin in relation to the plasma 
concentrations of the toxin and antitoxin 





ANTITOXIN INTRAVENOUSLY TOXIN INTRAVENOUSLY 





Concentration Concentration 
Units of anti- | of antitoxin in | Number of G-P| of toxin in the 
i the blood LDS0’s neu- | blood — 
tralized (G-P LDS0’s 
per cc.) 


toxin given to e 
each animal plasma (units 
per cc.) 





1:17 535 30:1 50 
1:17 220 130:1 27 
1:50 8650* 175:1 3300* 


We have assumed that the blood contributes about one-tenth of the body weight and 
that the plasma amounts to about one-half of the total blood volume. 
* Per kilogram. 




















comparable because we did not use the intraventricular route for the administra- 
tion of the toxin. In several experiments, however, with 24 guinea-pigs and 75 
mice, the same toxin in the same concentrations and amounts was injected into 
the same tissues in both species, and the concentration of antitoxin in the blood 
stream of every animal was identical. In both species the same amount of toxin 
was not neutralized. 


Our data, therefore, show that antitoxin is more effective in tetanus- 
resistant than in tetanus-sensitive animals.* We are not at present 


5 It will be noted that not only are these differences evident in the experiments 
in vivo but, that the protecting value of antitoxin varies in mice and guinea-pigs 
when toxin and antitoxin are mixed in viiro for one hour before injection. This 
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in a position to offer the correct explanation for this difference in the 
protecting power of tetanus antitoxin in various species. 


SUMMARY AND CONCLUSIONS 


1. When tetanus antitoxin is injected intravenously into guinea- 
pigs, mice, dogs, and cats a given amount of antitoxin does not 
neutralize the same number of guinea-pig median lethal doses of toxin 
in each species. The number of G-P LD50’s that are neutralized is 
least in the very sensitive guinea-pig, greater in the slightly less sensi- 
tive mouse, and still greater in the resistant dog and cat. This differ- 
ence cannot be explained either by the difference in the lethal dosage 
for each species or by a difference in concentration of antitoxin. 

2. Regardless of the species used, there are differences in the pro- 
tecting power of intravenously injected antitoxin against toxin sub- 
sequently introduced by various routes. Antitoxin is only very 
slightly effectual against toxin placed in the spinal cord; is very much 
more effectual against toxin given intradermally, intramuscularly, 
or subcutaneously; and is still more effectual against toxin injected 
intravenously. Antitoxin is most effectual when mixed in vitro 
with the toxin and then injected into the animal. 

3. The experimental results are discussed in relation to certain 
theories proposed in the literature. 
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The need of a satisfactory laboratory test for thiamin deficiency is an 
obvious one, since the early clinical symptoms resulting from this 
deficiency are non-specific. Several workers have approached the 
problem by measuring thiamin excretion in the urine, or by following 
the urinary excretion after a test dose (1-10) and a few observations on 
the thiamin content of the blood have been reported (11-14). In 
most of these studies biological assays have been used, thiamin being 
measured by its effect on rat growth (15a, 15b), by its catalytic effect 
on the growth of the mould phycomyces (16) or by the rat “brady- 
cardia method” of Harris (17). Two chemical methods have recently 
been developed which appear to offer advantages in accuracy, con- 
venience and specificity—the thiochrome method (18), developed by 
Jansen, and the method of Prebluda and McCollum (19) which de- 
pends on the formation of a red color with diazotized p-aminoaceto- 
phenone. Some preliminary studies, which were carried out in this 
laboratory with the assistance of Dr. Jerry A. Pierce, in which these 
two methods were compared convinced us that the thiochrome pro- 
cedure was the more sensitive of the two and did not possess the dis- 
advantage of requiring the daily preparation of an unstable reagent. 
We have, therefore, adopted this method, as modified by Hennessy 
and Cerecedo (20), in the work to be reported. We have made ob- 
servations on (A) the daily output of thiamin in the urine at different 
ages in normal and pathological conditions; (B) the output of thiamin 
in the urine following an intravenous dose; and (C) some preliminary 
observations on the disappearance rate of thiamin from the blood 
serum after an intravenous dose. These observations will be dis- 
cussed separately. 


' Aided by a grant from Mead Johnson and Company, Evansville, Indiana. 
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THE DAILY OUTPUT OF THIAMIN IN URINE 


Observations on twenty-three normal adults are shown in Table 1. 
It is apparent that the daily thiamin excretion varies between fairly 
wide limits, ranging between 60 and 342 micrograms a day. These 


TABLE 1 
Daily thiamin excretion of normal male adults 





THIAMIN EXCRETION IN 
NUMBER OF DAYS URINE 





micrograms per day 
272 
117, 127 
166 


1 
2 
1 
1 
2 
1 
1 
1 
1 
2 
2 
1 
1 
2 
1 
2 
1 
1 
2 
2 
1 
1 
1 














figures are in agreement with those recently reported by Robinson, 
Melnick and Field (21). 

Through the courtesy of Dr. George W. Thorn, an opportunity was 
presented of making thiamin analyses on the urines of fifty-three 
patients in various stages of tuberculosis at Raybrook Sanatorium. 
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The daily excretion of these tuberculous patients’ is shown in the 
accompanying graph (Figure I) and table (Table 2). 

It is apparent that the urinary excretion of thiamin is essentially 
normal in tuberculous patients. In only a few instances were low 
values obtained. These individuals, who excreted only 19, 9 and 9 


Figl EXCRETION OF THIAMIN IN URINE OF 
ADULTS WITH TUBERCULOSIS 
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micrograms a day, respectively, were found to have low thiamin 
intakes. 


? The stages of tuberculosis are those of the New York State Department of 
Health classification: stage I, minimal pulmonary tuberculosis—quiescent or 
active; stage II, moderately advanced pulmonary tuberculosis—quiescent or 
active; stage III, far advanced pulmonary tuberculosis—quiescent or active; 
stage IV, primary pulmonary tuberculosis—active; stage V, non-pulmonary 
tuberculosis. 
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Table 3 gives the daily thiamin excretion of eighteen adults on the 
medical wards of The Johns Hopkins Hospital suffering from various 
conditions. 


TABLE 2 
Daily excretion of thiamin in urine of adult tuberculous patients 





NUMBER OF STAGE OF 


PATIENTS DISEASE MAXIMUM AVERAGE 





11 I 288 
18 I 253 
16 442 

4 IV 168 
14 Vv 246 

















Average for all patients with tuberculous disease 





1 


TABLE 3 
Daily urinary excretion of thiamin in adults with miscellaneous diseases 





THIAMIN 


SEX DIAGNOSIS EXCRETION 





micrograms per 
day 


M Neurosis 440 
F Multiple neuritis, unknown etiology 26 
F Hypothyroidism, Pylorospasm 24 
M Catarrhal jaundice 19 
M Macrocytic anemia 18 
M Carcinoma of lung 125 
F Diabetic neuritis 39 
M Diabetic neuritis 23 
M Diabetic neuritis 61 
F 

r 

M 

F 

F 

F 

M 

F 

M 


ae ee ee ee ee ee 


Headache 124 
Syphilis of C.N.S. 29 
Heart failure 32 
Ichthyosis 

Myasthenia gravis 
Dermatitis, Arteriosclerosis 
Addison’s disease 
Addison’s disease 
Addison’s disease 














It is apparent that some of these patients excreted amounts of 
thiamin in the urine comparable to those of normal individuals. 
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Others, who excreted subnormal amounts of thiamin, were found to 
have poor appetites and to be ingesting relatively less thiamin. 

Two patients with clinical evidence of B deficiency were tested. 
One, a woman of 31 years suffering from alcoholic neuritis; the other 
a girl of 21 years suffering from pellagra. In both instances the urine 
gave a negative test for thiamin. 

Tests were made on the urine of two volunteers after twenty-three 
days on a thiamin-poor diet; one of these showed a daily excretion 
which varied from zero to 15 micrograms in twenty-four hours; and 
the other excreted from zero to 3 micrograms a day. A third volun- 


TABLE 4 
Daily excretion of thiamin in urine of normal children (4-13 years old) 





SEX AVERAGE DAILY NUMBER OF DAYS 
EXCRETI 


ON AVERAGED 





micrograms per doy 

162 
104 
126 
179 
118 
179 
152 
208 

94 
159 
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teer consumed a strictly thiamin-free diet. His urine contained no 
thiamin after ten days. None of these volunteers developed clinical 
evidences of thiamin deficiency, although the diets were continued 
30, 37 and 40 days respectively. 

Tables 4 and 5 give the thiamin excretion of normal children and 
children with various ailments between 4 and 13 years of age. 

It is apparent that the daily thiamin excretion of children is com- 
parable to that of adults, low values being found in some ill patients 
with anorexia. The low values found in the patients with hyper- 
thyroidism and with sickle cell anemia were not attributable to poor 
appetite. The low excretion in the hyperthyroid patient may readily 
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be attributed to the increased requirement for thiamin caused by the 
heightened metabolism, a factor that has been stressed by Cowgill 
(23, 24), in particular. The patient with sickle cell anemia (G. F.) 
was studied immediately after a pneumonia crisis which followed 
sulfapyridine therapy. She had an unexplained hypertension and 
some cardiac hypertrophy. The low excretion may have been re- 
lated to an increased cardiac requirement for thiamin, or to reduced 
renal function, a factor which is discussed below. 


‘TABLE 5 
Thiamin excretion in children with miscellaneous diseases 





AGE SEX : DIAGNOSIS 





Empyema, convalescent 
Pneumonia, convalescent 
Pneumonia, convalescent 
Pneumonia, convalescent 
Hemiplegia 
Nephritis, acute 
Hyperthyroidism 
Chronic myeloid leukemia 
Acute myeloid leukemia 
Acute lymphoid leukemia 
Celiac disease 

Brain tumor 

Sickle cell anemia 
Pneumonia, convalescent 
Hypertension 

9 Syphilis, Malaria 
12 Chorea 


E. 
J. 
E. 
M. 
H. 
B. 
B. 
w. 
T. 
M. 
c. 
A. 
G. 
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In summarizing our data on daily thiamin excretion we are im- 
pressed with the variations in normal excretion which are caused 
apparently by variations in the dietary intake. There is certainly 
a tendency for the urinary excretion of thiamin to fall in deficiency 
states to minimal values and even to zero. Some observers have de- 
fined arbitrary zones of thiamin subnutrition and of thiamin deficiency 
based on the 24-hour urinary output alone. For example, Robinson, 
Melnick and Field (21) regard an excretion between 60 and 90 micro- 
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grams per day in adult males as thiamin subnutrition and an excretion 
of less than 60 micrograms as definite thiamin deficiency. Our ob- 
servations do not support this contention, for it is apparent that 
individuals on a thiamin deficient diet who are symptom-free may 
excrete less thiamin than individuals with frank beriberi; the former 
may, as we have shown, excrete no thiamin at all, whereas the beriberi 
patient may at times excrete small amounts of thiamin (21). It, 
therefore, becomes necessary to search for a more sensitive test which 
is less dependent upon the immediate intake. 


THIAMIN EXCRETION TESTS 


Analogies to vitamin C deficiency states suggested that the urinary 
excretion following a test dose of thiamin might provide a more ac- 
curate measure of the body stores of this vitamin. Such a test was 
employed by Harris and his collaborators (4), by Robinsin, Melnick 
and Field (21), who studied urinary excretion after an oral dose of 
thiamin, and by Williams, Mason and Smith (22) who gave it sub- 
cutaneously. In order to eliminate variations in absorption and to 
shorten the test we have studied the urinary excretion for 4 hours 
following an intravenous injection of 1 milligram of thiamin. By 
forcing fluids* it was possible to collect urine $ hour, 1 hour, 2 hours, 
3 hours and 4 hours after the dose was given. Each specimen was 
acidified by the addition of an equal quantity of 2 per cent acetic acid 
to prevent the decomposition of thiamin. The graph in Figure II 
shows the urinary excretion curve so obtained in thirteen normal 
adults. 

In Table 6 are shown the results of thiamin excretion tests on adults 
from the medical wards of The Johns Hopkins Hospital. It is seen 
that the values for patients with a variety of pathological conditions 
fell within the normal range. 

In Figure III are shown excretion curves in one patient with alco- 
holic neuritis and in two volunteers on a thiamin-poor diet. 

Although these three individuals cannot be distinguished by the 
24-hour urinary excretion, which in each case was zero on the day 
preceding the test, the excretion curve is definitely lower in the patient 


* Patients were instructed to take a glass of water every hour throughout the 
period of the test. 
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with neuritis than in the volunteers without clinical symptoms. Of 
the two volunteers, the lower curve is that of the individual who had 
been on the experimental diet a somewhat longer time.‘ This suggests 
that the excretion test is a more reliable index of the body stores of 


FigIT THIAMIN EXCRETION CURVE 
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Fic. II. The horizontally barred areas show the minimum value and the total 
rectangles the maximum value of urinary thiamin excreted at different periods 
during the test. The shaded zone illustrates the normal excretion range as de- 
termined in 13 male adults. 


thiamin, being less dependent on the immediate thiamin intake than 
is the total daily thiamin output. Whether or not the excretion test 


* Following the tests shown the two volunteers were returned to a normal diet 
and some weeks later, when retested, were found to have normal excretion curves. 
The patient with alcoholic neuritis responded promptly to thiamin therapy, but 
an opportunity to run a subsequent test was not obtained. 





STUDIES IN THIAMIN EXCRETION 115 


provides a sharp line by which thiamin deficiency can be differentiated 
from thiamin subnutrition cannot be stated at the present time. 
Excretion tests must be interpreted with caution because of two com- 


TABLE 6 
Thiamin excretion tests on adults with miscellaneous diseases 
(Figures represent urinary excretion of thiamin (micrograms) after 
an intravenous injection of 1 milligram) 





FIRST |SECOND 
HALF HALF 
HOUR HOUR 





316 27 
144 17 


Neurosis 
Multiple neuritis, 
unknown etiology 
Migraine 
Hypothyroidism, pyloro- 
S| 
Carcinoma of lung 
Macrocytic anemia 
Alcoholism, Catarrhal 
jaundice 
Obstructive jaundice 
Epilepsy 
Headache 
C. N. S. Syphilis 
Hypertension 
Heart failure 
Ichthyosis 
Edema, Dermatitis 
Hypopituitary dwarf 
Addison’s disease 
Addison’s disease 
Myasthenia gravis 
Hypochrondriasis 
Diabetes mellitus 
Diabetes mellitus 
Diabetes mellitus 
Diabetes mellitus 
Diabetes mellitus 
Diabetes mellitus 
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plicating factors which have recently come to our attention: (1) renal 
function, and (2) the presence or absence of deficiencies of factors 
other than thiamin. 
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THE INFLUENCE OF RENAL FUNCTION ON THIAMIN EXCRETION 


In the course of some thiamin excretion studies on diabetic patients 
conducted with the assistance of Dr. Sara H. Bowditch, it was found 
that among ten diabetics studied, six showed normal excretion curves, 
whereas four showed distinctly abnormal ones, characterized either by 
a low excretion in the first half hour and higher values in the later 


Figil THIAMIN EXCRETION TEST 
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specimens, or by a somewhat low initial value and a delayed fall. It 
was not possible to relate this difference to the state of regulation of 
the diabetic disturbance. However, investigation of these four 
patients showed that in each instance they were suffering from vascular 
renal disease. The excretion curves of the four diabetic patients with 
renal disease and of three other patients with pyelonephritis who 
showed impaired phthalein excretion are given in Figure IV. An 
exact study of the thiamin clearance in normal subjects and those 
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with renal disease would be a matter of considerable interest. Here 
we shall only point out that renal function must be considered when 
interpreting thiamin excretion tests. 





Fig. IZ THIAMIN EXCRETION TEST 
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THE INFLUENCE OF OTHER DEFICIENCIES ON THIAMIN EXCRETION 


In the course of our studies on volunteers we made the observation 
that two individuals whose diet was restricted only in respect to 
thiamin showed a symmetrical reduction in their excretion curves, the 
excretion during the first half hour dropping well below the normal 
range and the excretion in the subsequent collection periods falling to 
minimal figures. On the other hand, a third volunteer on a more 
restricted diet consisting of polished rice, butter and vitamin-free 
casein, which was deficient in vitamin C and in other B factors as well 
as thiamin, showed curves of somewhat different type. As his defi- 
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ciency progressed the daily thiamin output in the urine decreased 
steadily reaching zero on the tenth day, where it remained except for 
the small quantities excreted in the urine on the days of excretion 
tests. The excretion tests, on the other hand, showed a steadily 
increasing output of thiamin in the first half hour specimen but steadily 
diminishing quantities in the later specimens. The total four hour 


TABLE 7 
Thiamin excretion tests and daily output of thiamin in an individual on a completely deficient 
diet ( figures represent micrograms of thiamin) 





SECOND 
HALF 


SECOND | THIRD |FOURTH| 24 HOUR 
HOUR THIAMIN 





On normal diet 


From the first till the 33rd 
day diet consisted of pol- 
ished rice, washed purified 
casein and butter 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Excretion test 
Excretion test 


Excretion test 

Vitamin C blood level on the 
33rd day was 0.06 mg.%. 
Nicotinic acid, riboflavin 
and vitamin C were added 
from 33rd—40th day 

142 Final excretion test 


























output, being determined largely by the initial specimen, was greater 
than normal. From the thirty-third day of the experimental diet 
onward, the subject was given supplements of riboflavin, nicotinic 
acid and vitamin C. The final curve, taken on the fortieth day, 
showed a reversal of the previous trend, the initial and total thiamin 
excretion following the test being decreased. The high initial thiamin 
loss in the first half hour of the excretion may be attributed to an 
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inability of the body to use thiamin in the absence of some other es- 
sential factor. We cannot say whether this essential factor was 
riboflavin, nicotinic acid or ascorbic acid. The observation of Lipton 
and Elvehjem (22) that diphosphopyridine nucleotide assists in the 
phosphorylation of thiamin is of particular interest in this connection, 
and suggests that lack of nicotinic acid was responsible for the results 
on the completely deficient diet. We have obtained some confirma- 
tion of this view in subsequent observations made on one adult and 
two children with pellagra. The thiamin excretion curve of the adult 
pellagrin conformed to those of the volunteer just mentioned, being 
high normal in the first half hour specimen and zero in subsequent 
specimens. The two children with pellagra, 14 months old and 2 
years old respectively, were studied through the courtesy of Dr. 


TABLE 8 
Thiamin excretion tests in normal children 
(Figures represent urinary excretion of thiamin (micrograms) during 
first four hours after test injection) 





AVERAGE 





11 normals, 2-5 years old 


28 normals, 5-12 years old | 
8 normals, 6 mos.—2 years old 





Arturo Aballi, Jr. of Havana. These subjects were given 1 milligram 
of thiamin intravenously, but it was not possible to obtain the usual 
collections in half-hourly and hourly intervals; only’a single specimen 
was obtained four hours after the test injection. It is of interest, 
however, that both of these pellagrins excreted abnormally high 
amounts of thiamin during the four hour period (Table 9). 


THIAMIN EXCRETION TESTS IN CHILDREN 


Up to the present time we have performed 47 thiamin excretion tests 
on normal children between six months and twelve years of age. In 
these studies only a single four hour collection was made after the test 
injection, which in each case consisted of 1 milligram of thiamin given 
intravenously. The results are summarized in Table 8, from which 
it will be noted that higher excretions are obtained in younger sub- 
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jects than in adults. This follows from the fact that the same test 
dose was used for all age groups, disregarding the fact that younger 
subjects, particularly infants, need less thiamin. The actual thiamin 
requirement varies roughly with the caloric intake. Strictly speaking 
it is proportional to the carbohydrate intake plus a fraction of the 
protein intake. We have not, however, attempted to adjust our test 
dose to the age of the child, since the particular diet of the child would 
still have to be considered. 


TABLE 9 
Thiamin excretion tests in children with various diseases 





DIAGNOSIS SEX 





Diabetes 12 years 
..| Diabetes 9 years 

.| Diabetes 7 years 
Diabetes 12 years 


Not regulated 

Mild, not regulated 
Not regulated in acidosis 
Not regulated 


Diarrhea, severe 

Diarrhea, moderate 

Diarrhea, moderate 

Diarrhea and severe vom- 
iting, edema 





Dysentery | 13 months 
Dysentery | 14 months 
Dysentery | 10 months 
Dysentery 5 months 


BREE 





Pellagra 14 months 
Pellagra 18 months 


Early 
Advanced 





Acrodynia 3 years 
Acrodynia 2 years 
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Thiamin excretion tests in abnormal children are presented in 
Table 9. It will be noted that the four diabetic children show excre- 
tions which are apparently somewhat above the normal range. More 
observations are required in order to determine whether or not this 
deviation is significant. One of the two patients with acrodynia 
showed an unexpectedly low excretion. A tendency to low values was 
noted in all four patients with bacillary dysentery, particularly low 
values being obtained in one of them. The high excretion of the two 
children with pellagra has been referred to above. 

Our experience with the thiamin excretion test leads us to believe 
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that this is a procedure of greater value as well as more convenient 
than the 24-hour urine assay. It is less subject to error than the oral, 
subcutaneous or intramuscular tests employed by others, since the 
variable factor of absorption from such routes is completely eliminated. 
Since, however, all excretion tests have the disadvantages mentioned, 
we have attempted to see if some of these at least could not be obviated 
by measurements of the thiamin concentration of blood serum. These 
studies are incomplete, and the present report of them is only pre- 
liminary in nature. 


THE THIAMIN CONTENT OF BLOOD 


A major portion of the thiamin in blood is in the cells, where it 
exists as phosphorylated thiamin (cocarboxylase), in part at least 
combined with protein. Serum contains only a small concentration 
of thiamin, practically all free thiamin, which has usually been re- 
ported as between zero and 2 micrograms per 100 cc. We have at- 
tempted to measure only the free thiamin of serum, under normal con- 
ditions and after the intravenous administration of a test dose. 

The method employed is a modification of that reported by Hen- 
nessy and Cerecedo (20) in that 5 per cent trichloracetic acid was used 
as the protein precipitant in place of 2 per cent. The resulting de- 
crease in volume makes it unnecessary to adsorb the thiamin on 
permutit. The protein precipitate is then removed by centrifugation. 
Half of the supernatant fluid is then treated with alkali and potassium 
ferricyanide and extracted with butyl alcohol as in the Hennessy- 
Cerecedo procedure. 

Using this method we have found values for thiamin in the serum of 
normal adults ranging, as a rule, between 1 and 3 micrograms per 100 
cc. In some subjects, however, we were unable to recover measurable 
quantities, which led us to conclude that the serum level alone did not 
provide a satisfactory criterion for measuring thiamin deficiency, and 
was probably, like the 24-hour urine excretion, dependent upon the 
immediate intake. We, therefore, made studies of the serum thiamin 
after a test injection of 50 mgm. of thiamin. Figure V shows the ex- 
cretion curves obtained in a group of eight adults who had been re- 
ceiving normal diets and one adolescent who had been receiving in- 
tensive thiamin therapy for a neuritis associated with idiopathic 
porphyria. 
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Although the test dose of thiamin was probably unnecessarily large, 
as judged by the marked rise in serum thiamin to roughly 100 times its 
initial value, no untoward symptoms of any kind were produced. The 
prompt fall in the serum thiamin concentration indicates that it is 
necessary to study the excretion curve in the period immediately 
following the injection. It is likely that the higher curve obtained in 
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the patient receiving thiamin therapy indicates repletion of the stores, 
but this cannot be stated with assurance until more figures are avail- 
able. Studies on serum thiamin after a test dose are being continued, 
in an attempt to determine the most convenient and satisfactory 
test dose. These preliminary results are presented merely to show 
the feasilibity of the method. 





STUDIES IN THIAMIN EXCRETION 


CONCLUSIONS 


1. The daily excretion of thiamin in the urine has been followed in 
healthy and sick individuals of different ages. Under normal condi- 
tions the excretion shows a wide range of variation depending upon 
the thiamin intake. Low values and even a zero excretion do not 
necessarily indicate disease, but may be caused by temporary re- 
duction in intake. 

2. A thiamin excretion test has been studied in normal and abnormal 
subjects of various ages. This consists in the intravenous administra- 
tion of 1 mgm. thiamin after which the urinary excretion is followed 
forfour hours. Evidence is presented that this test gives a more accu- 
rate measure of deficiency of thiamin than the 24-hour urinary output. 

3. Renal function is an important factor in considering thiamin 
excretion, for this substance is not readily excreted by damaged 
kidneys. 

4. Evidence is presented that other vitamin deficiencies may exert 
an influence upon the thiamin excretion curve. 

5. Preliminary studies on serum thiamin and its variations follow- 


ing an intravenous injection of thiamin are presented. 
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Subsequent to an earlier study on pontine fibers in the cat the author 
(1) attempted to check their distribution in the rabbit, and noticed 
certain dysfunctions following lesions of the vermis involving the 
nucleus fastigii. A precursory survey of the literature revealed sur- 
prisingly few functional studies on this nucleus. The experiments 
were amplified and are here reported in two groups, i.e. 1) splitting 
of the vermis of the cerebellum anterior to the uvula with unilateral 
destruction of the nucleus fastigii and 2) total vermian splitting with 
unilateral destruction of the nucleus fastigii. Botterell and Fulton 
(2) have made similar lesions in the primates but with simultaneous 
involvement of both fastigial nuclei, the uvula and nodule. The 
earlier midline studies of André-Thomas (3) were not carefully con- 
trolled histologically. Dow (4) has studied dysfunctions following 
lesions of the nodule, uvula, and pyramis without nuclear involvement. 
Therefore, the present work should be of interest especially in view 
of the contralateral deficits reported. As shown by Snider (5) the 
proximity of the two fastigial nuclei makes it difficult in the rabbit to 
do complete midline splitting without injury to either nucleus so 
this was not considered. No attempt was made to localize lesions 
in either of the two cell groups of the nucleus fastigii. 


MATERIALS AND METHODS 


Seventeen adult rabbits, stock laboratory animals, form the basis of the present 
report. Seven were considered Group I and ten as Group II animals. The 
cerebella were exposed under aseptic precautions by rongeuring through the 





1 Thanks are due Miss R. Reynolds of the above mentioned Department of 
Anatomy for valuable assistance with the photographs. 
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occipital bone between the superior nuchal line and the foramen magnum. After 
the dura had been slit, lesions were made with a small curved canaliculus knife, 
avoiding unnecessary manipulation of the nervous tissue. Ether anaesthesia 
was used in order to permit early observations since many of the animals were able 
to hop about within a few minutes after the operative procedure. 

The descriptions of cerebellar dysfunctions are based upon frequent observa- 
tions of the normal activities of the animals. These were supplemented by 
various tests drawn from Rademaker (6). The observations began in the first 
postoperative hour and were continued until all evidence of cerebellar dysfunction 
had disappeared. No animal was observed for longer than twenty days. Obser- 
vations earlier than twelve hours post-operatively are not recorded in this paper 
since influences of anaesthesia and shock undoubtedly alter the functional picture. 

Each animal was killed after the period of observation and the cerebellum was 
prepared for histological control. Tissue fixation was accomplished by perfusion 
and subsequent immersion in each case. The cerebella were fixed in either 10 
per cent chloral hydrate or 10 per cent formalin-chloral hydrate, twelve were 
stained by a Cajal block silver method and five according to Bodian’s (7) method. 
Serial sections were prepared through the full extent of the lesion. 


OBSERVATIONS 


The observations will be presented in two groups according to the 
extent of cerebellar injury: 

Group I Animals: Splitting of the cerebellar vermis anterior to the 
uvula with unilateral destruction of the nucleus fastigii (Fig. 1). 

Group II Animals: Total vermian splitting with unilateral destruc- 
tion of the nucleus fastigii (Fig. 2). 

In order to condense the material the observations on each group of 
experimental animals are presented as a unit with occasional reference 
to individual cases for clarity. The proximity of the two nuclei 
prevented total vermian splitting of the cerebellum without nuclear 
involvement but midline splitting anterior to the fissura prepyramid- 
alis without nuclear injury was carried out in two animals. The 
dysfunctions were so rapidly transitory (never persisting for more 
than two days postoperatively) and mild that further study along this 
line was not done. 


I. Lesions extending through the white and gray matter of the vermis 
anterior to the uvula with unilateral destruction of the nucleus 
fastigii 


Examination twelve hours after the operation revealed that these 
animals could not readily check falling toward the side of fastigial 
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injury. There was a definite lateral curvature of the trunk with the 
concavity on the contralateral side, i.e., contralateral to the nuclear 
injury (pleuothotonus, André-Thomas (3), fig. 3, c). The walking 


base was wide with considerable abduction of the ipsilateral front and 
rear legs. 


When one of these animals was forced to walk on the front 
feet alone, the foot ipsilateral to the lesion was abducted, often to the 
extent of sliding outward and causing a fall. In stepping, this limb 
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Fic. 1. Outline drawing of lesion in Group I animals showing splitting of the 


cerebellar vermis anterior to the uvula with unilateral destruction of the nucleus 
fastigii. The opposite half of the cerebellum was not involved in the lesion. 


alternated with its mate but the steps were shorter, less forceful and 
less secure. 


Upon blindfolding, this insecurity was accentuated and 
a definite asynergy was noted which usually resulted in overextension 
of the limb. Frequently the animals stepped with the dorsum of the 
foot on the floor. This was not observed in the contralateral foreleg. 
Examinations of this type could not be carried out on the rear limbs. 
Abnormal ocular movements were absent and tendon reflexes were 
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undisturbed. Tremor, swaying to and fro, and staggering were never 
detected. The animals were careful to avoid difficult movements; 
but, when forced to leap, almost always landed with an extremely 
wide base and then fell toward the side of the destroyed fastigial 
nucleus. 
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Fic. 2. Outline drawing of lesion in Group II animals showing total vermian 
splitting with unilateral destruction of the nucleus fastigii. The opposite half 
of the cerebellum was not involved in the lesion. 


By thirty-six hours these rabbits had increased their activity con- 
siderably. Leaping was accomplished, but the animals occasionally 
fell toward the ipsilateral side. There was slight contralateral pleuro- 
thotonus. When blindfolded and forced to walk on the front feet 
alone, the ipsilateral limb was abducted and pushed outward with 
occasional slipping. The steps on that side were still short and 
deliberate with some stepping in which the dorsum of the toes was 


























LESIONS OF CEREBELLAR VERMIS 129 


next to the floor. No detectable disturbance of muscle tone or 
strength was present as detected by passive manipulation of the limb 
or struggling with the observer. Tremor was absent on both sides, 
and there was no nystagmus, no abnormal tendon jerk, no swaying, 
nodding or staggering. The walking base was wide, especially notice- 
able in the rear limbs. The animals ate and drank without manifest 
dysmetria. 

Three days following the operation, examination sho-.ed an in- 
creased range of activity in this group of animals. Posture was 
normal without inclination of head or body to either side. In hopping 





Fic. 3. Rabbit B-12 from Group |. Postoperative time twenty-four hours. 
Splitting of the cerebellar vermis anterior to the uvula with widespread damage 


to right fastigial nucleus. A. Resting quietly, note position of ipsilateral (to 
nucleus fastigii injury) rear limb. B. Posterior surface of cerebellum (after 
fixation), the edema to the right of the lesion marks the operative approach to the 
nucleus fastigii. CC. Normal position as seen from the front showing the contra- 
lateral pleurothotonus. 


about the ipsilateral rear limbs were thrown outward with slight 
abduction of the front on the same side. Disturbance of the front 
limbs could easily be brought out by blindfold tests as shown by the 
shortened and rather uncertain step, occasionally on the dorsum of 
the foot. With long leaps the widened base seemed to correct the 
ipsilateral falling. Muscle tone and strength appeared normal as 
governed by tests on individual limbs. 

Five days subsequent to the operation, it was difficult to distinguish 
these animals from normal ones. Activity and posture were without 
disturbance. However, fatigue appeared to be more rapid in the 
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limbs on the side of fastigial injury, and following exercise there was 
increased tendency to fall toward that side. Blindfold tests failed 
to reveal any abnormality. 

Seven days postoperatively these rabbits could not be distinguished 
from their normal cage mates by the usual tests. 


Fic. 4. Rabbit B-11 from Group II. Postoperative time thirty-six hours. 
Complete vermian splitting of the cerebellum with destruction of the left nucleus 
fastigii. A. Resting quietly, note contralateral pleurothotonus. B. Showing 
an abnormal position of ipsilateral rear extremity—this was not extreme extensor 
rigidity—also contralateral pleurothotonus. C. Adduction of contralateral front 
limb with falling on the nose. D. Bending under of toes in both front feet. 
E. Dorsal view of the cerebellum showing the lesion (after fixation). F. Note 
abnormal position of rear limbs at rest. 


II. Total splitting of the cerebellar vermis with unilateral destruction of 
the nocleus fastigit 


These lesions were more extensive than those of Group I in that 
they also involved the uvula and nodule (Fig. 4, e). No effort was 
made to consider separately the function of the nodule as Dow (4) 
has done with Larsell’s (8) flocculonodular lobe in the primate. 

Examination eighteen hours subsequent to the operation showed a 
decided contralateral pleurothotonus (Fig. 4, a). The ipsilateral 
fore and hind limbs were abducted to throw most of the weight on 
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the opposite legs. Often the contralateral limbs slipped under the 
body, thus initiating a fall away from the side of fastigial injury 
(Fig. 4, c). Rolling around the longitudinal axis was never observed 
(vestibular fit—see André-Thomas (3)). Hypertonia was present in 
both ipsilateral limbs. There was considerable bobbing of the head 
with slight swaying of the trunk which hindered feeding. Walking 
was not attempted, although by pawing and kicking, movement about 
the cage was possible. This exercise was ataxic with overextension of 
the ipsilateral limbs. The front feet on both sides were frequently 
used with the dorsum down, and the animals seldom objected to hold- 
ing this position for several minutes (Fig. 4, d). The ipsilateral rear 
limb was frequently observed in an overextended position (Fig. 4, a). 
Nystagmus was rarely seen and never persisted as long as eighteen 
hours unless underlying vestibular nuclei were injured. 

Thirty-six hours following the operation walking was possible, but 
on a very wide and unsteady base. These rabbits would almost 
“cling” to the floor as they hesitatingly moved about. There was 
considerable bobbing and swaying of the body, but there were no 
definite signs of tremor in the limbs. Hypertonia in the ipsilateral 
limbs was still demonstrable; abnormal muscle tone in the contra- 
lateral forelimbs was considered questionable although the contra- 
lateral forelimb was slightly rigid in one animal. Fatigue was rapid. 
Movement of the body, in an anteroposterior direction, increased 
during attempts to eat or drink. Falling toward the side of fastigial 
injury was frequent, although occasionally an animal would fall to 
the opposite side as the contralateral limbs became overadducted. 
There was no nystagmus. 

By three days a wide range of rather slow movements was possible. 
Tremor was not detectable in the limbs. Swaying and weaving was 
now observed only during difficult and complex movements; i.e., 
on a narrow walk, ascending stairs, etc. Fatigue was still rapid and 
accentuated the oscillatory movements of the body. Walking on 
the front feet alone with the observer holding the rear from the floor 
was accomplished with much effort, since the ipsilateral limb appeared 
stiff, awkward, and overabducted. Falling was frequent, since the 
limbs on the ipsilateral side would slide outward or would not respond 
.apidly enough to reestablish the center of gravity. Stepping with 
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the dorsum of the foot on the cage floor was especially noticeable in 
the ipsilateral limbs while the animals moved about blindfolded. 
Hypertonia was still present in the ipsilateral limbs. The base re- 
mained broad largely through abduction of the ipsilateral extremities. 
Fast hopping was not observed, but long leaps were accomplished with 
coordinated movements, although falls were frequently toward the 
side of fastigial injury. 

Six days subsequent to the operation fast hopping was accomplished 
with slight ataxia on the side of the destruction of the nucleus fastigii. 
Tremor and hypertonia were absent, as was swaying and oscillation 
of the head and body. Posture was normal with no inclination of the 
head. The base was still wide and became decidedly so during long 
leaps. Stepping with the dorsum of the foot down was rare, even 
when vision was obstructed. Blindfold tests showed abduction, 
shortened steps, as well as some stiffness in the extremities of the ipsi- 
lateral side. Fatigue was more rapid in these limbs and emphasized 
falling toward this side. 

Ten days postoperatively muscle tone and muscle strength in the 
body and limbs appeared normal. Slight ataxia was observed in the 
ipsilateral forelimbs of one animal. Tendon reflexes were normal. 
Posture was normal. Fatigue appeared more rapid in the limbs on 
the side of the lesion. Swaying and tremor were absent, even during 
fatigue. In long leaps there was occasional falling toward the ipsi- 
lateral side. There was some evidence of falling to this side when on 
a narrow walk. 

Observations taken subsequent to ten days after operation showed 
fewer and fewer dysfunctions until at fifteen days a state of normalcy 
was approximated. 


SUMMARY OF OBSERVATIONS 


All deficits were transitory—even the most enduring did not persist 
for longer than fifteen days. 

Group I. Splitting of the cerebellar vermis anterior to the uvula 
with unilateral destruction of the nucleus fastigii: Contralateral 
pleurothotonus was present as well as ataxia in the ipsilateral front 
and rear limbs. There was no tremor. 

Group II. Complete vermian splitting of the cerebellum with 
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unilateral destruction of the nucleus fastigii: Contralateral pleuro- 
thotonus, as well as ataxia and hypertonia of both ipsilateral limbs 
were observed. Falling toward the ipsilateral side, slight ataxia in 
the opposite limbs, and oscillations of the head and trunk were also 
observed without signs of tremor in the limbs. Thus the continuation 
of the lesion through structures posterior to the fissure postpyramidalis 
made ataxia more severe, hypertonia a conspicuous sign, and caused 
signs of slight dysfunction in the opposite limbs. 


DISCUSSION 


The few midline lesions without nuclear injury which were done 
initiated such a mild and rapidly subsiding syndrome that a considera- 
tion of Group I animals should indicate certain capacities of the fas- 
tigial nuclei and surrounding white matter. Since the position of the 
fourth ventricle largely eliminates danger of direct damage to the 
vestibular nuclei during the operative procedure, analysis of these 
dysfunctions should be free of the criticism that they are complicated 
by direct injury to these nuclei. 

It is interesting that following unilateral injury to the nucleus 
fastigii in Group I animals, ipsilateral effects were noted in the limbs 
but there was an obvious curvature of the head and trunk to the con- 
tralateral side. This mild degree of pleurothotonus on the opposite 
side could be explained in two ways, either (a) an increased contra- 
lateral functional activity of the trunk and neck musculature or (b) 
decreased ipsilateral functional activity of the muscles of that region. 
Hence in either case the vertebral column would be curved laterally— 
i.e. concavity of the body on the contralateral side. If we accept the 
first, then fastigial injury would cause possible crossed effects in the 
trunk and neck musculature with distinct ipsilateral effects in the 
limbs. The question arises—does section of the crossed fastigio 
bulbar fibers interrupt a direct crossed efferent pathway from the 
cerebellum to the vestibular nuclei (a few to the reticular formation, 
Dow (9)), thence through lower centers to the trunk and neck muscu- 
lature? Probably not, since Group II animals, with all crossed 
fibers cut, showed contralateral pleurothotonus—a condition that 
would be impossible in this case since the abnormal activity of the 
muscles on both sides of the body would be counterbalanced. On the 
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other hand postulate (b) with ipsilateral limb disturbances proposes 
decreased functional activity in the trunk and neck musculature of 
the same side to account for the contralateral pleurothotonus; in 
which case the efferent pathway involved in this syndrome from the 
fastigial nucleus would pass out of the cerebellum without crossing 
and without our assigning function to the crossed pathway. This 
postulate is more seductive but the final answer can only come through 
careful study of muscles along the vertebral column. The possibility 
of fastigial influence exerted through some part of Ingvar’s posterior 
lobe might be worthy of consideration. 

Since the chief efferent pathway from the nucleus fastigii is through 
the vestibular nuclei (10) hypertonia as here reported could be con- 
sidered either as (1) the result of removal of a cerebellar activator to 
these centers which function to depress the activity of skeletal muscu- 
lature or (2) the removal of a cerebellar inhibitor to vestibular centers 
which function to enhance the activity of these muscles. The latter 
seems more plausible in the light of the work of Bauer and Leidler 
(11) and Pollock and Davis (12) who have concluded that the cerebel- 
lum may exert an inhibitory influence on vestibular centers. 

That the observed pleurothotonus might be due to the operative 
approach which injured the neck musculature near the occiput cannot 
be entertained since control animals failed to show this phenomenon; 
nor did animals in which the same operative approach was used but 
cerebellar injury was done farther laterally (experiments to be re- 
ported). Care was taken to avoid unnecessary trauma to these 
muscles and that this was partially successful was shown by the early 
recovery of intricate head maneuvers. Similar pleurothotonus (con- 
cavity toward contralateral side) was observed by Magoun, Hare and 
Ranson (13) in the rebound following cerebellar stimulation. 

In Group II animals, which are Group I preparations with the 
vermian split continuing through cerebellar structures posterior to 
the fissure postpyramidalis, the ipsilateral limb deficits are more 
pronounced than the contralateral ones (Fig. 4, c, d). This at first 
sight is disturbing to Bolk’s (14) conception of the arm and leg areas 
of the cerebellum; but until more is known concerning the distribution 
of commissural fibers and the neocerebellar connections of the midline 
his work will continue to bear weight. That crossed limb disturbances 
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were not observed in Group I animals might indicate a profitable 
future investigation to discern if there exists a “level” inside the 
cerebellum for fibers exerting influence on the contralateral limb mus- 
culature. The Golgi method, as applied to the primary olfactory 
cortex by O’Leary (15) should give interesting results. 

Botterell and Fulton (2) have emphasized the presence of tremor 
in the primates following lesions of the neocerebellum, especially the 
nuclei. Dow (4) failed to observe it following lesions of certain 
paleocerebellar structures in the monkey. So it was not considered 
amiss when tremor was not seen in the rabbit under the present ex- 
perimental conditions with only slight injury to the neocerebellum. 
This brings up the as yet unanswered question of how many, if any, 
midline neocerebellar cortical fibers pass to nucleus fastigii. Cer- 
tainly, the present experiments would be conducive to the conception 
that paleocerebellar injury does not produce tremor. 

Animals with complete vermian splitting and unilateral fastigial 
injury (Group II) have more pronounced equilibratory disturbances 
than those in Group I. Dow (9) has pointed out the close anatomical 
relationship between cerebellar structures posterior to the fissure 
postpyramidalis and the vestibular nuclei. His (4) recent functional 
analysis of these structures in the primates emphasizes the importance 
of the flocculonodular lobe in equilibrium. That this analogy can 
be carried to the rabbit seems probable, but the greater number of 
cerebral connections and the more nearly bipedal gait of the primates 
are points of variance which cannot be overlooked in a comparative 
analysis. 

Stepping with the toes turned under the foot was frequently ob- 
served in rabbits with lesions in the nucleus fastigii. That a normal 
animal in this position receives both exteroceptive and proprioceptive 
stimuli from the involved limb and attempts to correct for the mal- 
position is a common observation. The question arises: what an- 
atomical pathway or pathways are interrupted in the present experi- 
ments which would account for these dysfunctions? Unfortunately, 
no attempt was made to determine this either by small lesions in the 
nucleus fastigii or the cerebellar cortex of the midline. 

Nystagmus was so transitory (never persisting for more than eight- 
een hours postoperatively) that little information could be gained 
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from its study. Since there is little danger of direct vestibular in- 
volvement in these lesions, a point of possible significance is—nystag- 
mic signs were more persistent in those rabbits with greater involve- 
ment of structures posterior to the fissure postpyramidalis. This is 
in line with the close anatomical relationship of this region with the 
vestibular nuclei (Dow (9)). 

“Forced forward falling’’ was never observed in these animals and 
“forced backward falling’ was observed so rarely that it was con- 
sidered of little significance. 

That complete midline splitting disturbs the blood supply to this 
region of the cerebellum cannot be denied but the severity of that dis- 
turbance is probably not great since the superior and inferior cerebellar 
arteries are bilaterally represented and injections fail to show any 
major vessels crossing the midline. It would appear, therefore, that 
a more lateral splitting of the cerebellum or extensive ablation of the 
hemispheres would cause greater disturbance. 

The rapid recovery of these animals from measurable deficits 
initiates the much discussed question of whether the observed deficits 
are the result of the cerebellar lesion with subsequent compensation 
taking place in the remaining part of that organ, or whether they are 
due to the effects of temporary surgical shock made manifest through 
some other part of the nervous system. The present author does not 
claim finality in answering this question, but it may be pointed out 
that many of these temporary dysfunctions are identical with the 
permanent deficits brought about by total cerebellar ablation. Cer- 
tainly, experiments carefully controlled histologically should be free 
of the criticism that the lesion encroached upon neighboring “‘centers’”’. 
Walker and Botterell (16) observed a rapidly subsiding syndrome in 
the monkey following partial section of the superior cerebellar peduncle 
which became permanent when the lesion was complete. This would 
indicate that a compensatory activity was possible in the cerebellum, 
and thus compensation might explain the early recovery of these 
rabbits from measurable deficits. 


SUMMARY 


Seventeen rabbits form the basis of the present report. Following 
serial sections of the cerebella, careful histological study was used to 
check the full extent of the lesions. 
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1. All deficits were transitory. The most enduring did not persist 
for longer than fifteen days. 

2. Unilateral injury to the nucleus fastigii accompanied by complete 
anteroposterior splitting of the vermis induced slight contralateral 
limb ataxia as well as ipsilateral limb ataxia and hypertonia. 

3. Tremor was never observed subsequent to lesions of the nucleus 
fastigii either with partial or complete vermian splitting. 

4. Dysfunctions of the trunk musculature, as shown by contra- 
lateral pleurothotonus, occur following lesions of the nucleus fastigii 
either with partial or complete vermian splitting. Evidence has been 
presented to show that the contralateral pleurothotonus is not the 
result of interruption of the crossed fastigio-vestibular tract. 

5. Comparison of Group I and II animals suggests the conclusion 
that lesions in the uvula and nodule accompanied by fastigial injury 
cause profound equilibratory disturbances in the rabbit. Swaying of 
the trunk and bobbing of the head were conspicuous signs. A separate 
functional analysis of the nodule was not considered. 

6. “Forced forward falling’’ was never observed and “forced back- 


ward falling’ signs were not frequent enough to be considered sig- 
nificant. 
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In a previous paper the author (1) reported dysfunctions observed 
in the rabbit following lesions of the cerebellar vermis involving the 
nucleus fastigii. The paucity of available knowledge in the literature 
on functional observations subsequent to lesions of the cerebellar 
nuclei emphasized the necessity of additional studies on animals in 
which these nuclei have been injured. The present paper is concerned 
with dysfunctions which occur in the rabbit following widespread 
damage to the nucleus interpositus. Two series of animals are con- 
sidered: (I) Rabbits with widespread unilateral damage to the nucleus 
interpositus and slight damage to the cortex, and (II) rabbits in which 
the ipsilateral cerebellar influence is exerted through the dentate 
nucleus (according to present anatomical concepts) i.e., the nucleus 
interpositus and nucleus fastigii were destroyed and their surrounding 
cortex isolated. No attempt was made to consider localized lesions 
within the nucleus interpositus. 


MATERIALS AND METHODS 


Eighteen rabbits were used in the present experiments. Ether anaesthesia 
was used throughout and all operative procedures were accompanied by aseptic 
precautions. The cerebella were exposed by rongeuring through the occipital 
bone between the superior nuchal line and the foramen magnum. After the dura 
had been slit, lesions were made with a small curved canaliculus knife, care being 
taken to avoid unnecessary manipulation of the nervous tissue. 





'Thanks are due Miss R. Reynolds of the above mentioned Department of 
Anatomy for valuable assistance with the photographs. 
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The descriptions of cerebellar dysfunctions are based upon frequent observa- 
tions of the normal activities of the animals. These were supplemented by vari- 
ous tests drawn from Rademaker (2). The observations began in the first post- 
operative hour and were continued until all evidence of cerebellar dysfunction 
had disappeared. No animal was observed for longer than thirty days post- 
operatively since it was not possible to detect deficiencies after twenty to twenty- 
five days. The anesthesia selected permitted early observations to be made on 
these animals but the period of narcosis and shock undoubtedly alter this early 
picture so observations earlier than eighteen hours postoperatively are not re- 
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Fic. 1. Outline drawing of lesion in Group I animals showing unilateral destruc- 
tion of nucleus interpositus. 


Of the eighteen animals used eight were considered Group I, and ten as Group 
II. Each animal was killed after the period of observation and the cerebellum was 
prepared for histological control. Tissue fixation was accomplished by perfusion 
and subsequent immersion in each case. The cerebella were fixed in either 10 per 
cent chloral hydrate or 10 per cent formalin-chloral hydrate; twelve were stained 
by a Cajal block silver method and six by the Bodian method. Serial sections 
were prepared through the full extent of the lesion. 
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OBSERVATIONS 


The observations will be presented in two groups according to the 
extent of cerebellar injury. 


Group I Animals: Widespread unilateral damage to the nucleus 
interpositus with slight damage to the cerebellar cortex (Fig. 1). 


Group II Animals: Complete vermian and complete midhemispheric 


splitting with unilateral destruction of the nuclei fastigii and inter- 
positus (Fig. 2). 


Lesion 


Line 
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Fic. 2. Outline drawing of lesion in Group II animals showing complete ver- 
mian and midhemispheric splitting. Thus the ipsilateral nucleus fastigii and in- 
terpositus and intervening cerebellar cortex are separated from the rest of the 
cerebellum and the only ipsilateral efferent fibers passing outward arise in nucleus 
dentatus. 


Thus these animals (on the ipsilateral side) were receiving cerebellar 
impulses only through the nucleus dentatus according to our present 
anatomical concepts. Experiments so grouped should allow certain 
inferences to be drawn concerning the function of the nucleus inter- 
positus. 


No attempt was made to consider localized lesions in this 
nucleus. 
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Group I: Widespread unilateral damage to the nucleus inter positus with 
slight damage to the cortex 

Pronounced symptoms were never present in these animals. Ob 

servations taken eighteen hours following the operation showed that 

they leaned toward the side of injury to the nucleus interpositus and 


Fic. 3. Rabbit B-13 from Group I. Widespread unilateral damage to the 
right nucleus interpositus with a slight cortical damage. Ipsilateral falling 


following a drop from a low height was one of the most persistent signs of dys 
function. A. The rabbit has been dropped from a height of thirty inches, note 
the position of the body in “‘landing’’. B. The second stage of the fall showing the 
ipsilateral front limb “weakening”. C. The third stage of the fall showing the 
ipsilateral rear limb “weakening”. A, B, C, taken three days after the placement 
of the lesion. G. Postoperative time ten days, dropped from a height of thirty 
six inches—note bumping of the nose. F. Marchi stain showing widespread 
damage to the region of the nucleus interpositus. D and E. Rabbit BP-12 
(Group 1) postoperative time thirty-six hours. Note that the dorsum of the 
ipsilateral front foot is next to the cage floor. Contact placing from the dorsum 
of contralateral front foot was unimpaired. 


could not readily check falling in that direction. They usually lay 
on the ipsilateral side, but could lie prone or on the contralateral side. 
There was no evidence of rolling around on the longitudinal axis 
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(vestibular fit). Progression was slow with a wide and slightly sway- 
ing base. This swaying was more noticeable in the front than in the 
rear quarters. There was no nystagmus. When these animals were 
forced to walk on the front feet alone with the rear held from the floor 
by the observer ipsilateral stepping was shorter, less forceful and with- 
out the flexibility demonstrable in the opposite limb. A slight tend- 
ency to turn in circles toward the contralateral side was observed. 
Occasionally the -nimals would step on their own front feet, usually 
the contralateral foot being placed atop its mate. Slight tremor, as 
well as hypertonia, was found in the ipsilateral front and rear limbs. 
There was no bobbing or weaving of the head. 

Thirty-six hours subsequent to the placement of the lesion, observa- 
tions revealed a continued tendency of these animals to fall toward 
the ipsilateral side, as well as difficulty in checking bodily movement 
toward that side once it had started. There was ipsilateral falling 
following a three foot drop (Fig. 3, a,b,c). They turned equally well 
in either direction. There was no nystagmus and no swaying. 
Tremor was present in both ipsilateral extremities, but not in the con- 
tralateral ones. Occasionally an animal was observed to put the heel 
of the ipsilateral rear leg down heavily before the toe touched the floor. 
The rabbits usually lay on the side of nuclear injury. Hypertonia 
was present in the ipsilateral front and rear limbs with noticeable 
overextension during attempted rapid coordinated movements. 
When these animals were forced to walk on the front feet while the 
rear feet were held from the table, the ipsilateral front appeared weaker 
and the steps shorter with greater flexion of the toes than in the con- 
tralateral limbs. The dorsum of the toes could be held in contact 
with the cage floor without the animal attempting to correct the 
malposition (Fig. 3, d, e). 

Observations taken three days following the operation showed an 
apparently normal posture in these animals, with no signs of tremor, 
hypertonia, or dysmetria. During rapid progression the heel of the 
ipsilateral rear extremity was frequently set down heavily before the 
toe touched the floor. As judged from struggling with the observer 
there was no loss of muscle strength in either the ipsilateral or con- 
tralateral limbs. When blindfolded and forced to walk on the front 
feet while the observer supported the back feet, the ipsilateral fore- 
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limb appeared to be less responsive, less active, and partially flexed. 
When these rabbits were forced to cross a narrow (three inch) walk, 
there was hesitancy in lifting the ipsilateral front and rear limbs, but 
once lifted they were quickly put forward and down on the board as 
if there was timidity in balancing on the opposite limb. The con- 
tralateral limbs were put down heavily in stepping. Falling usually 
occurred ipsilaterally, since the limbs on that side appeared to weaken 
when the contralateral ones were lifted. When one of these animals 
was dropped from a height of two to three feet, falling always occurred 
toward the side of nuclear injury (Fig. 3, a,b,c). There was no walk- 
ing on the dorsum of the foot either with or without blindfold. 

Six days following the operation, these rabbits moved about with 
an apparently normal gait. Turning toward either side was free of 
observable deficit. When tested on a narrow walk there was pro- 
nounced “‘lack of confidence”’ in the ipsilateral front and rear limbs. 
Falling was more frequent to that side. No tremor or dysmetria was 
present, nor was there swaying or jerking of the head or trunk. Fa- 
tigue was more rapid in the ipsilateral limbs. When one of these 
rabbits was dropped from a height of two to three feet, the animal 
would “land normally on all fours” but the ipsilateral limbs appeared 
to weaken and initiate a fall toward the side of nuclearinjury. Fre- 
quently the nose was bumped against the floor (Fig. 3, g). 

Ten days postoperatively these rabbits showed further evidences 
of improved function. When dropped from a height of two to three 
feet, falling was frequently toward the side of nuclear injury and the 
nose was occasionally bumped (Fig. 3, g). Walking on a three inch 
board showed only slight deficiency on the ipsilateral side. After 
fifteen days these animals could not be distinguished from normal 
animals. 


Group II: Complete midline and complete midhemispheric splitting 
with unilateral destruction of the nucleti fastigit and inter positus 


Eighteen hours subsequent to the operation there was very little 
activity among this group of rabbits. They lay on the ipsilateral 
side with the head partially raised from the floor in which case it 
would move slowly toward the floor and then be suddenly moved 
away from it (Fig. 4, a). This was usually prevented by leaning 
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against the cage wall. Nystagmus was present; the fast component 
being forward on the contralateral side and backward on the ipsilateral 
side. Progression was slow and extremely ataxic with a very wide 
base. There was severe side-to-side swaying and weaving of the trunk 
as well as anteroposterior bobbing. The trunk was held parallel to 
and very near the floor during progression, but at no time did the limbs 





Fic. 4. Rabbit BB-12 from Group II. Lesion on the right side; postoperative 


time thirty-six hours. Extensive unilateral injury to the nucleus fastigii, nucleus 
interpositus, and intervening cerebellar structures. A. Usual position—lying 
on the ipsilateral side holding the head from the floor, the head would slowly rise 
and fall unless resting against an object. B. Note the position of the nose and 
front limbs, especially ipsilateral. C. Posterior view of the cerebellum showing 
the double lesion involving the nucleus fastigii and nucleus interpositus (after 
fixation). D. Taken twelve hours after operation, note the ipsilateral front 
limb. E. Sitting position of a normal rabbit as compared with (F) the sitting 
position of BB-14 from Group I1—postoperative time three days; note the rump 
position which, when more extreme, led to “‘forced backward falling.” 


splay out and the animals lie prone. While drinking the swaying and 
weaving were more severe. When walking on the front feet alone the 
ipsilateral limb appeared shorter, weaker and bore less body weight. 
While thus stepping the dorsum of the toes on the side of nuclear 
injury were frequently held in contact with the cage floor for several 
seconds (Fig. 4,d). There was slight tremor in both ipsilateral limbs. 
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Some evidence of retropulsion and falling backwards was found. 
There was no rolling around the longitudinal axis. In a normal sitting 
position these animals sat well back on their haunches, usually with 
the heels on the floor and the toes raised slightly away from it (Fig. 
4, f). 

Thirty-six hours subsequent to the operation, these animals were 
hopping slowly about on a wide unsteady base, wider in front than in 
the rear. There was severe side-to-side swaying and anteroposterior 
bobbing, which was especially pronounced after movements of pro- 
gression had been initiated. The gait was squatty with inclination 
toward the ipsilateral side and falling in that direction. Turning was 
usually toward the contralateral side, occasionally in close circles; 
but there was no rolling around the longitudinal body axis (vestibular 
fit, André-Thomas (3)). The ipsilateral front limb would frequently 
initiate a fall by sliding outward while the animal was circling. At 
rest the favored position for these animals was either leaning with 


the ipsilateral side against the wall of the cage or sitting on their 


haunches with both rear limbs over-extended (Fig. 4, f). There was 
some evidence of retropulsion and falling backward. There was no 
nystagmus. Tremor and hypertonia was present in both ipsilateral 
limbs. When walking undisturbed on the floor, the front feet would 
step forward a few steps by alternate movement and then, with both 
front feet firmly on the floor, the two back limbs would be brought 
forward simultaneously. Sometimes they were placed too far forward 
and would precipitate a fall backward. They were always put down 
heel first. In the struggling of these animals with the observer, both 
ipsilateral limbs appeared stiff. 

Seventy-two hours following the placement of the lesion, side-to- 
side swaying, as well as ipsilateral hypertonia and anteroposterior 
bobbing still persisted. Progression was faster and falling was equally 
frequent toward either side. Walking was accomplished by short 
alternate stepping of the front limbs for a few steps and then simul- 
taneously bringing forward both rear limbs. The heels of the rear 
limbs touched the floor before the toes and frequently they were set 
so far forward as to produce backward falling. The resting position 
was usually far back on the haunches. There was no lateral inclina- 
tion of the head or body. Tendon reflexes were normal. Dysmetria 
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caused disturbances in all of the rabbits of this group. Tremor was 
questionable in both ipsilateral limbs, but was absent contralaterally. 
Turning was usually toward the contralateral side, occasionally in 
close circles. Standing with the dorsum of the foot next to the floor 
was never observed. Slight flexion of the toes of the ipsilateral 
limb was present when the rabbits were forced to walk on the front 
feet without the aid of the rear feet; but stepping appeared to be of 
equal excursion on the two sides. When the animals were handi- 
capped by blindfolding, the contralateral limbs were usually slightly 
abducted to widen the base. When these animals were placed on a 
narrow board there was considerable side-to-side swaying, which 
became increasingly more intense until ipsilateral falling occurred. 

Six days subsequent to the operation observations on these animals 
showed no evidences of tremor or hypertonia. The resting position 
was normal without any inclination of the body. There was some 
side-to-side swaying but no anteroposterior bobbing of the body. 
Retropulsion was absent, but there were occasional signs of falling 
backward. Falling was more frequent toward the ipsilateral side 
and always to that side when the animal jumped to the floor from a 
table. Forward progression was in wide circles toward the contra- 
lateral side. Occasionally the ipsilateral front foot would slip outward 
and cause a fall toward that side. The contralateral rear extremity 
was thrown diagonally outward during normal hopping. Progression 
occurred with a broad, slow, half-crouching gait, in which the front 
limbs would step alternately and then both rear limbs would be 
brought forward simultaneously. The heels of both rear limbs were 
often set down heavily before the toes; but sitting on the haunches 
was rarely seen. The animals walked normally on their front feet 
with no change upon blindfolding. When forced to walk on a narrow 
board (three inch), the ipsilateral rear extremity slipped off frequently. 
Due to the apparent stiffness of this limb it was difficult for these 
animals to replace it on the board. Whether this apparent stiffness 
was due to diminished activity of the flexor muscles or due to an 
increased activity of the extensor muscles could not be determined. 

Ten days postoperatively there were no abnormalities in the posi- 
tion of the head or body. Hopping was deliberate, and long leaps 
were never attempted. The ipsilateral hind limb was thrown slightly 
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outward in normal progression, and the ipsilateral front limb was 
slightly abducted and occasionally slid outward in turns toward the 
contralateral side. There was no swaying, weaving or falling back- 
wards. Tremor was absent in all extremities. When these animals 
were forced to jump from a table, they always fell to the ipsilateral 
side, as these limbs, especially the front one, usually collapsed under 
them. They were very careful in walking on a narrow walk, but fall- 
ing to either side was not pronounced. All other tests were normal. 

Fifteen days following the operation the only deficiencies noted in 
these rabbits were ipsilateral falling when jumping from a table, etc., 
and more rapid fatigue of the ipsilateral limbs. Ten days later these 


symptoms had disappeared and subsequent tests failed to show addi- 
tional deficiencies. 


SUMMARY OF OBSERVATIONS 


All deficits were transitory—even the most enduring did not persist 
for longer than twenty-five days. 

Group I. Widespread unilateral damage to the nucleus interpositus 
with slight damage to the cerebellar cortex: Ipsilateral tremor, ataxia, 
and slight hypertonia were present in the limbs. 

Group II. Complete midline and complete midhemispheric 
splitting with unilateral destruction of the nuclei fastigii and inter- 
positus. The ipsilateral limb deficits were hypertonia, tremor, and 
ataxia, with some evidences of contralateral limb ataxia. Ipsilateral 
falling following long leaps, falling backwards, and severe oscillations 
of the head and trunk were present. There was no rolling around a 
longitudinal axis (vestibular fit). 


DISCUSSION 


All lesions in these experiments were free of direct involvement of 
the dentate. No attempt was made to localize lesions in small areas 
of the nucleus interpositus. This nucleus (one in each hemisphere) 
in the rabbit corresponds to the globose and emboliform nuclei of 
higher animals. A study of dysfunctions in the animals of Groups I 
and II should permit certain inferences concerning the function of the 
nucleus interpositus and its relation to the nucleus fastigii. 

Unlike midline lesions, there is danger in these experiments, es- 
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pecially in Group IT animals, of direct injury to the vestibular nuclei, 
and the necessity of careful histological examination is emphasized. 
Whether rolling around the longitudinal axis (vestibular fit), a much 
discussed question among the older investigators (André-Thomas 
(3)), is a sign of cerebellar deficiency cannot be definitely decided until 
a careful analysis is made of lesions of the dentate nucleus and of the 
flocculus farther laterally. It is significant, however, that rolling 
around a longitudinal axis was observed in one animal with the more 
extensive lesion, and subsequent microscopic examination revealed 
softening and trauma in the region occupied by the superior and lateral 
vestibular nuclei. The material was, therefore, not included in any 
of the above mentioned groups. The so-called “vestibular fit” was 
not observed in any animals which were free of direct injury to the 
vestibular centers. 

Certain evidence in the literature indicates that lesions of the neo- 
cerebellum produce hypotonia and those of the paleocerebellum hyper- 
tonia (Bremer (4)). However, Holmes (5) failed to find hypertonia 
in man following midline gunshot injuries of the cerebellum. Botterell 
and Fulton (6) leave the question open following experimentally in- 
duced midline lesions of the primates, but point out the possibility of 
neocerebellar dominance over the paleocerebellum in midline structures 
of higher forms. Transient hypertonia was observed in the rabbit 
following lesions of the nucleus interpositus. Likewise midline lesions 
involving the nucleus fastigii produce definite signs of hypertonia, 
especially in the limbs ipsilaterally (1). It seems, therefore, that in 
the rabbit transient hypertonia results from lesions of the paleocere- 
bellum, but it cannot be definitely said that hypertonia in this animal 
results from extensive neocerebellar injury until lesions of the dentate 
nucleus have been analyzed, and the neocerebellar cortical connections 
to the nucleus interpositus have been more carefully studied. 

Transitory unilateral tremor was a constant sign in the rabbit in 
all lesions involving the nucleus interpositus; an observation which 
corroborates that of Botterell and Fulton (6) on the primates. If the 
animals in Group I are compared with those of Group II, it will be 
seen that despite more extensive cerebellar injury in the latter, 
tremor was not more pronounced. It is to be noted that widespread 
damage has been done to the ipsilateral paleocerebellum in Group II; 
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thus it would appear that tremor does not result from paleocerebellar 
injury and is neither more intense nor less intense when the paleo- 
cerebellar syndrome is superimposed on that of the neocerebellum. 
However, it should be pointed out that there are extensive paleo- 
cerebellar connections in the nucleus interpositus (7) and when more 
accurate information is obtained concerning their anatomical limita- 
tions, functional studies following localized lesions would certainly be 
in order since in the present study the main source of outgoing neo- 
cerebellar fibers, i.e., nucleus dentatus, have not been interrupted. 

The present work would be conducive to the concept that the 
nucleus interpositus is homolateral in its exertive influence since Group 
I animals fail to show any contralateral effects. That Group II 
animals did show contralateral deficits can be attributed to the mid- 
line lesion (1) rather than injury to some part of the hemisphere. 
The peculiar resting position of the head (Fig. 4, a) carries many char- 
acteristics of contralateral pleurothotonus which has been observed 
following lesions of the vermis. 

The disturbances of equilibrium and oscillations of the head and 
neck as observed in Group II animals are probably due to injury of 
structures posterior to the fissura postpyramidalis since Dow (8) 
has observed similar phenomena in the monkey following lesions of 
the nodule and uvula. 

Nystagmus was observed in Group II animals during the first 
postoperative day but was never present beyond twenty-four hours 
in any case free from direct vestibular injury. Although possible 
irritative phenomena cannot be denied, it is of some interest that 
nystagmus was more persistent in these animals than either those of 
Group I or those with more extensive midline lesions reported by the 
author (1). Dow (9) has indicated the close anatomical relationship 
of the flocculonodular lobe with the vestibular nuclei so it appears 
that the more extensive injury to this region in Group II animals 
when complicated by simultaneous fastigial injury might be influential 
in this phenomenon. 

Falling forward was never observed in these rabbits but “forced 
backward falling” was observed in Group II animals. Since this 
phenomenon was not present following widespread interpositus injury 
and was never observed following midline lesions involving the nucleus 
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fastigii in which structures posterior to the fissura postpyramidalis 
were not also involved, some part of the cerebellum posterior to the 
fissura postpyramidalis must be looked to for an explanation. Simon- 
elli (10) has pointed out that lesions of the uvula and nodule will 
cause “forced backward falling.” 

Ataxia was a consistent finding following lesions of the midline as 
well as those farther laterally in the nucleus interpositus. The lesions 
involving the greater amount of cerebellar tissue induced more per- 
sistent and severe ataxia than did the smaller lesions. It must not 
be inferred, however, that a given lesion placed in different parts of 
the cerebellum will produce the same severity of ataxia. Nuclear 
lesions, for example, produce more critical deficits than those localized 
in the cortex (6, 11). Accepting Botterell and Fulton’s (6) definition 
of cerebellar ataxia as ‘‘a term used to embrace all abnormal motor 
phenomena of cerebellar deficiency including dysmetria, tremor, 
decomposition of movement, etc.” it seems in the light of the present 
experiments too premature to say that the nucleus fastigii and nucleus 
interpositus are passive units in an efferent cerebellar arc as these 
authors have intimated might be the case with the dentate nucleus 
when they say “It is difficult to understand why involvement of the 
dentate should cause more disturbance than removal of the cortex, 
unless the paleocerebellar projection to the dentate which Weisenburg 
and others have described is more extensive than is generally believed.” 
Although the comparison may not be close, we know the symptom- 
atology resulting from injury to the basal nuclei is distinct in many 
respects from that which occurs following cortical (cerebral) ablations. 
After all, relatively few nuclear lesions of the cerebellum have been 
studied from the functional standpoint. 

That ataxia as here reported is the result of disturbance of either 
muscle tone or synergy or both, must continue to remain a debatable 
question in the author’s opinion. Certainly, hypertonia was present 
in these animals and hypertonia of given muscle groups could con- 
ceivably cause the ataxia. But uncoordinated nerve impulses im- 
pinging on opposing muscle groups could cause the same condition 
and since adequate facilities were not available for the critical testing 
of asynergy, that phase of the work remains incomplete. Tests on a 
large number of opposing individual muscles following cerebellar 
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injury would add: much to the clarification of that organ’s role in 
motor synergy. 

As Keller, Roy and Chase (11) have pointed out, it is difficult to 
account for the rapid functional compensations that take place in 
animals with cerebellar lesions. This may be used as an argument 
against present concepts of cerebellar function; but it can also be used 
with equivalent force as an argument to denote significant inter-rela- 
tions of this organ with other centers. Lorente de No’s (12) earlier 
work indicates the relation with lower reflex centers. Cerebellar 
lesions closely followed by ablations of anatomically related parts of 
the nervous system should provide a clue to this question. Fulton 
(13) among others, has pointed to the close functional bond between 
the cerebellum and the frontal lobe of the cerebrum. 


SUMMARY 


The following summary is drawn from the study of eighteen adult 
rabbits. Serial histological sections were prepared through the full 
extent of the lesion. Small localized lesions within the nucleus in- 
terpositus were not attempted. 

1. All deficits were transitory—the most severe did not persist for 
longer than twenty-five days postoperatively. 

2. Lesions of the nucleus interpositus with slight cortical (cerebel- 
lum) injury produce deficits in both ipsilateral limbs as shown by 
tremor, ataxia, and slight hypertonia. There were no contralateral 
dysfunctions, and no observable trunk deficits. 

3. Animals with ipsilateral cerebellar influence exerted only through 
the dentate nucleus, 7.e., the nucleus interpositus and nucleus fastigii 
have been destroyed and their surrounding cerebellar substance 
isolated, failed to show an increased or decreased severity of the ipsi- 
lateral tremor over that resulting from interpositus injury alone. 
They did show however, slight contralateral ataxia and oscillations 
of the head and trunk in addition to ipsilateral ataxia and hypertonia 
of the limbs. ‘Forced backward falling” was also present. 

4. The most persistent sign of dysfunction was ipsilateral falling 
following a drop from a low height (approximately three feet). 
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BOOK REVIEWS 


(These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of this Journal.) 


Nutrition and Diet in Healih and Disease. By James S. McLesTer. 3rd. ed. 
838 pp. $8.00. W. B. Saunders Company, Philadelphia and London, 1939. 

An enormous compilation of data relating to dietary factors in health and 
disease. It is written in a simple, very readable style. The opinions expressed 
on still controversial subjects are conservative. The book is the work of an 
eminent physician who has devoted the major part of his life to just this subject. 
There are many suggestions based on personal experiences that should be helpful 
to all physicians. 

At the end of each section are references to monographs by authorities, for 
the reader who wishes to review the subject in more detail. There are innumerable 
tables and charts, and in many instances complete menus for a whole week are 
offered. 

It is to be regretted that on many pages the printing is so poor as to be a source 
of real annoyance to the reader. 

The book can be highly recommended to the busy practitioner who wants a 
handy, readable reference book on dietary matters. 

J. E. H. 


The Electrocardiogram in Congenital Cardiac Disease. By Maurice A. SCHNITKER. 
147 pp. Imus. $3.00. Harvard University Press, Cambridge, Mass., 1940. 
The book is a compilation of a series of cases of congenital malformations of 
the heart in which electrocardiograms have been taken. The author has culled 
the cases from his own experience, from records in several of the Boston hospitals, 
and from the literature. The great value of the book lies in the fact that the 
collection is limited to cases which have come to autopsy or in which the diagnosis 
was confirmed at operation. In 106 of the 109 cases reported, the nature of the 
malformation is known. 

All of the common types of congenital malformations of the heart are taken 
up systematically,—first the acyanotic group, then those which show late cya- 
nosis, and finally the cyanotic group. Electrocardiograms which have been 
reported in association with each of the various malformations are reproduced. 
The facts are clearly presented. Anyone who wishes to see an example of an 
electrocardiogram which has been reported in a particular congenital malforma- 
tion of the heart will find it. It is to be remembered that because a certain 
electrocardiogram can occur in association with a particular malformation, it 
does not mean that the electrocardiogram is specific for that malformation. 
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On the contrary, the study shows that the electrocardiogram is specific only 
in a situs inversus and in congenital complete block. The former generally can 
be diagnosed by other means; an electrocardiogram, however, may be necessary 
to differentiate a dextroposition from a true dextrocardia. As regards con- 
genital complete dissociation, the electrocardiogram presents conclusive evidence 
as to the form of the arrhythmia but does not prove that the block is congenital 
in origin unless the electrocardiogram is obtained at an extremely early age. 
Further, the electrocardiogram does not throw any light on the nature of any 
concomitant malformation. The author points out that there are two other 
forms of electrocardiograms which are suggestive of a congenital malformation 
of the heart but are not associated with any particular malformation. First, in 
confirmation of the observation of Katz and Wachtel, he states that biphasic 
QRS complexes of high amplitude in one or several leads are usually associated 
with a congenitally malformed heart. Second, that the downward direction of 
the chief deflection of QRS complexes in all three leads is usually but not always 
indicative of some congenital abnormality. All other changes in the electro- 
cardiogram are found in acquired heart disease as well as in congenital malfor- 
mations. Hence, the conclusion is that an electrocardiogram is seldom specific 
and not of great aid in the diagnosis of congenital malformations of the heart. 

For those interested in malformations of the heart, the book has additional 
value. It presents a remarkable collection of cases, the nature of which has 
been proved at autopsy. Inasmuch as the collection is concerned with cases in 
which electrocardiograms have been taken, it represents a group in which clinical 
histories are relatively complete. Therefore, this group of cases is of special 
interest to the clinician. 

Hw, 3: T. 


Operative Orthopedics. By Wits C. CampBett. 1154 pp. Illus. $12.50. 
C. V. Mosby Company, St. Louis, 1939. 

In the relatively short time that has elapsed since aseptic surgery has made 
feasible operative procedures on the skeletal system, many contributions have 
appeared in the literature dealing with the surgical correction of orthopedic 
conditions. 

In his book on “Operative Orthopedics,’’ Campbell has gathered many of these 
articles, sifted out those procedures which he did not consider worthy, and arranged 
them in a logical order. The aims of each operation, the technique employed, 
and, frequently, the end-results obtained, are succinctly and clearly presented. 
Numerous excellent illustrations are used throughout the book and are of tre- 
mendous value in clarifying the technical aspects of the operations. The ref- 
erences that are made to the original articles enhance the value of these descrip- 
tions. Because of these facts this book contributes an excellent and up-to-date 
reservoir of information for the specialist in orthopedics. 

I. W. N. 
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The Treatment of Fractures. By CHARLES LOCKE SCUDDER. 11th ed. revised. 
1208 pp. Illus. $12.00. W, B. Saunders Company, Philadelphia, 1938. 

The eleventh edition of The Treatment of Fractures presents a radical change 
inform. The material that is included is also revised and brought up to date. 
The earlier textbooks were definitely elementary when compared to the present 
volume, which has an extensive fund of information systematically presented by 
men particularly qualified to discuss the subjects of their own chapters. The re- 
sults are gratifying. 

There has been an elimination of many obsolete discussions and an inclusion 
of many of the more modern procedures used in the treatment of fractures. 
Though the book is no longer the product of the facile pen of one man, it has re- 
tained the ease of reading that characterized the older volume. The use of 
numerous excellent photographs and other illustrations helps make the new edi- 
tion an excellent textbook and reference-book on fractures. 


LW, 


Chronic Arthritis. By RoBert T. Monroe. 84 pp. $2.00. Oxford University 
Press, New York, 1939. (Reprinted from Oxford Loose-Leaf Medicine.) 

Reprinted from Oxford Loose-Leaf Medicine and published in book form, this 
monograph presents in a succinct and straightforward manner the essential facts 
known about chronic arthritis. 

The numerous illustrations, as well as the many questionable theories that are 
usually found in compendia on this condition are not present in this book. The 
author has avoided the use of the complicated subdivisions and associated nomen- 
clatures that have been propounded but have not been uniformly accepted. 
Instead, he has considered arthritis under three separate headings: the atrophic 
type, the hypertrophic type, and the periarticular type. Each of these subdivi- 
sions is considered from the point of view of pathology, etiology, diagnosis, and 
treatment. 

When the subject under discussion allows of several opinions Monroe has pre- 
sented, without bias, the more generally accepted ones. These facts make this 
textbook one of value to students and general practitioners. 

I. W. N. 


The Malarial Therapy of General Paralysis and Other Conditions. By WILLIAM 
H. Kupper, M.D. 155 pp. IIllus. $2.25. Edwards Brothers, Ann Arbor, 
Michigan, 1939. 

This brief monograph includes 122 pages of lithotyped text and 367 biblio- 
graphic references. The methods suggested often vary from those commonly 
employed and there are numerous important omissions. The style of presenta- 
tion diminishes the value of the monograph for the clinician, and it is too brief 
to be worth while for the student. It is not recommended. 


J. E. M. 
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Injection Treatment. By PENN RippLe. 290 pp. Illus. $5.50. W. B. Saun- 
ders Company, Philadelphia, 1940. 

This book deals with the injection treatment of hernia, hydrocele, ganglion, 
hemorrhoids, prostate gland, angioma, varicocele, varicose veins, bursae and 
joints. To the present writer the chapters on hernia, varicose veins and hemor- 
rhoids are quite clear and fair presentations of the subject while the other con- 
ditions seem treated in a manner more favorable to the injection treatment than 
the experiences of others would indicate. Furthermore, it is difficult for the 
reviewer to accept the author’s theories on the cause of fissure-in-ano and fistula- 
in-ano when based on such indirect and unconvincing evidence. 

The chief value of the book is that it describes clearly the steps in the various 
injection procedures, and, in addition, a large bibliography is included. For 
the injectionist it can be recommended, but in the reviewer’s opinion it will not 
be of much value to the student or general practitioner who is seeking help in 
deciding the proper method of treatment of the various conditions listed. 


R. T. S. 


Tumors of the Hands and Feet. Edited by Greorce T. Pack. 138 pp. Illus. 
$3.00. C. V. Mosby Company, St. Louis, 1939. 

This is a collection of five articles by different authors, each covering a particular 
class of tumor occurring in the hands or feet. Together they form an excellent 
review of the neoplasms found in those regions. It is well illustrated by photo- 
graphs, drawings, X-ray reproductions and case reports, although lacking some- 
what in the details of treatment. 

The bibliography is full and the book can be recommended as a reference to 
practitioners, surgeons and students for valuable information on this subject. 


R. T. S. 


The Hypothalamus and Central Levels of Autonomic Function. (Research Publica- 
tions, Association for Research in Nervous and Mental Disease, vol. xx.) 
980 pp. Illus. $10.00. Williams & Wilkins Company, Baltimore, 1940. 

This book of almost one thousand pages contains some thirty-five articles by 
our leading authorities in this field. All respects of the anatomy, physiology and 
clinical importance of the hypothalamus are fully discussed. It is impossible 
for the reviewer to deal with each article individually because of the extraordinary 
amount of material they contain and because of the limitations of his own knowl- 
edge. Suffice it to say that this book reflects the striking progress which has been 
made in neurophysiology in this country in recent years and represents a valuable 
contribution to the subject. No one who deals with neurology can afford to 
neglect this book. 

F. R. F. 
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Compendium of Regional Diagnosis in Lesions of the Brain and Spinal Cord. By 
RoserT Binc. Translated and edited by Wepp HayMakKer. 11th ed. 
292 pp. Illus. $5.00. C. V. Mosby Company, St. Louis, 1940. 

This booklet was first published in 1909. As Dr. Haymaker points out in 
his translator’s notes, the fact that it has retained its popularity for thirty years 
is an indication of its value. It has now been revised and brought up to date. 
The newer methods of diagnosis such as pneumoencephalography and lipiodol 
injection are discussed briefly. Illustrations have been added. 

F. R. F. 


Handbook of Orthopaedic Surgery. By Atrrep Rives SHANDS, Jr. 2nd ed., 
567 pp. Illus. $4.25. C. V. Mosby Company, St. Louis, 1940. 

This is the second edition of a volume that first appeared in 1937. The original 
structure of the book remains unchanged; but the revised text elaborates on the 
subject matter, includes new and accepted forms of therapy, and adds many new 
illustrations. 

The author presents a concise but comprehensive study of the facts and funda- 
mental principles of orthopaedic surgery. Instructors will welcome the logical 
division into chapters based on pathology and on anatomical regions. The student 
is not confused by a discussion of acute fractures or complicated techniques and 
apparatus. For the student and younger surgeon, Dr. Shands gives an invaluable 
and impartial analysis of the advantages and disadvantages of the various specific 
operative procedures in use for many of the conditions described. The illustra- 
tions are instructive and well chosen and the exhaustive list of references reveals 
the tremendous effort which has been made to provide a source of authoritative 
information. 

This is a textbook which every medical student and general practitioner will 
value and which the orthopaedic surgeon will find indispensable as a reference book. 

ee 


Synopsis of Obstetrics. By Jennincs C. LitzenBerc. 394 pp. Illus. $4.50. 
C. V. Mosby Company, St. Louis, 1940. 

In the preface to this brief volume the author states that his aim has been 
“to minimize the irrelevant; to evaluate the questionable; (and) to emphasize the 
important.” It would seem that he has accomplished his desires in a praise- 
worthy fashion. The material is presented in a clear and orderly fashion and is 
not dogmatic. It is difficult to find items of obstetrical importance which do not 
receive due mention. The illustrations, most of them borrowed from other text- 
books, are simple but adequate, and add much of an explanatory nature to the 
text. Some may feel that the general tenor is unduly conservative and that recent 
scientific developments have been neglected. In the opinion of this reviewer, 
however, this adds to the usefulness of the work and increases its value as a 
“Synopsis” of sane and time-tested procedures. 
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Bacteriology. By WitttaM W. Forp. 207 pp. Illus. $2.50. Pauw B. Hoeber, 
Inc., New York, 1939. (Clio Medica xxii.) 

This small volume is the fruit of many years of studious research. That it is 
the fruit also of a loved hobby is shown by the enthusiasm with which Dr. Ford 
has dealt with his material. The history of bacteriology is presented here in an 
interesting and, at the same time, a truly scientific manner. New and refreshing 
light is thrown upon the contribution of many of the early investigators. Take, 
for example, the analysis of Leeuwenhoek’s work: “Leeuwenhoek is often accused 
of being only a plodding observer, little interested in the significance of his dis- 
coveries. Fortunate for the world of science that he was chiefly an observer, 
although the charge that he was without interest in the meaning of his observa- 
tions is not borne out by a careful reading of his letters to the Royal Society. Had 
the pure gold of Leeuwenhoek’s objectivity been tarnished by theorizing or specula- 
tion, in the state of scientific knowledge of his day and generation, not only would 
it have lost in real value, but appreciation of its importance and meaning might 
eventually have presented the greatest difficulties. His simple descriptions of 
what he saw, not overburdened by speculation, made his work enduring for all 
time.” 

E. A. B. 


As The Twig Is Bent. By Leste B. Honman, M.D. Pp. 286. $2.50. The 
Macmillan Company, New York, 1940. 

On the flyleaf of his book Dr. Hohman has written, “If you are constantly 
unhappy, constantly disillusioned or constantly unable to attain your ambitions, 
look for basic faults that gained the upper hand in you before you were fifteen. 
The reasons are there. They are the same reasons that will be trained into your 
children if you are not careful.” In the pages which follow, Dr. Hohman has 
given us a record of the many years of experience with children that have led him 
to this conclusion. The book is packed with samples from actual cases mentioned 
informally as illustrations of the well-organized leading concepts. The style is 
thoroughly colloquial and Dr. Hohman has a pleasant way of bringing in a witty 
aphorism to clinch his point. 

Throughout he boldly advocates a plan that is neither cramped by formalism 
nor marred by the excesses of undisciplined self-expression and his readers are 
helped to free themselves from the haunting fear that in applying ordinary re- 
straint and discipline they unwittingly destroy something sacred and irreplaceable 
in the personality of their offspring. As he puts it, “‘ ‘Never too old to learn’ is 
truer in reverse, and the further it is reversed the truer it becomes. ‘Never too 
young to learn’ is the idea parents and nurses always should bear in mind.” 

Dr. Hohman everywhere sounds a heartening challenge to the defeatism which 
leads so many parents and others to allow themselves to be paralyzed by too much 
preoccupation with hereditary patterns, with apparently non-plastic constitutional 
factors, or with the various slings and arrows that fortune may have dealt to their 
child in the way of bad breaks. Instead he focusses attention on the many things 
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that can be done and wisely urges us not to waste our time on matters which 
cannot be altered but instead to make sure that the child’s capacities for growth 
and adjustment are allowed to transform defeat into victory. He gives abundant 
evidence, furthermore, of the effectiveness of dealing directly with the facts as 
they occur in their actual settings rather than looking too far behind them for 
dark complexes which may have more of an existence in the theoretical trappings 
of the adult than in the child himself who seems to respond best to being treated 
as though he really means what he does. 

Since the great bulk of Dr. Hohman’s material concerns normal children his 
book should have a general appeal and surely deserves to reach a wide audience. 
Although the book is written in non-technical language it should be of great in- 
terest not only to parents and teachers but also to the general physician. 

H. F. 


Diseases of the Gallbladder and Bile Ducts. By WALTMAN WALTERS and ALBERT 
M. SNELL. 645 pp. Illus. $10.00 W. B. Saunders Company, Phila- 
delphia, 1940. 

The preface of this book states that it is a comprehensive study of the ex- 
periences encountered in diseases of the gallbladder and bile ducts over a fifty- 
year period at the Mayo Clinic. The various contributors treat their subjects 
authoritatively and the lucidity with which they write makes the text enjoyable 
reading. Unnecessary and cumbersome tables and statistics have been avoided. 
The illustrations are numerous and excellent. It is of small moment that the 
reviewer’s experience does not agree with that of the author’s in respect to certain 
details. For example, the extreme accuracy of roentgenological diagnosis, de- 
scribed by the authors, has not been met with in the reviewer’s experience. The 
discussion of treatment, both medical and surgical, is highly commendable. The 
subject matter is well organized and the type is easily read. There is a full 
bibliography. This volume should become popular, as a reference book for those 
who deal with diseases of the gallbladder and bile ducts. 

W. B.A. 


Introduction to Medicine. By Don C. Sutton. 642 pp. Illus. $3.25 C. V. 
Mosby Company, St. Louis, 1940. 

In the preface to this book it is stated that “The writing of a textbook of 
medicine primarily for nurses requires a careful consideration of the material to 
be presented and of the manner of its presentation.”” In comment one can reach 
the conclusion that the author has kept these considerations to the fore. In this 
volume, a nurse should get an excellent “bird’s eye” view of Medicine and she will 
acquire an excellent knowledge to supplement her nurse’s education. The in- 
clusion of chapters on social service and the mental reaction of the patient to 
disease, is commendable. The subject matter is so organized that all fields of 
medicine are touched upon, and it all makes interesting reading. This book should 
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become an excellent textbook to supplement the lectures given in general medicine 
in the nurses’ training schools of this country. 
W. B. A. 


Diagnosis and Treatment of Diseases of the Hair. By Lee McCartuy. 671 pp. 
Illus. $9.50. C. V. Mosby Company, St. Louis, 1940. 

Dr. McCarthy is especially fitted to write a book of this character. A student 
for many years of the great master Sabouraud he has embodied in his text many 
of the ideas and methods of therapy advanced by this distinguished investigator. 
A treatise on this subject is particularly welcome at this time since there are very 
few publications in the English language limited to diseases of the scalp. The 
main objects of the author are aptly stated in his preface as follows: ““Many 
physicians and not a few dermatologists profess an almost complete ignorance of 
the cause of many diseases of the hair, and they are accordingly unable to answer 
the questions put to them by their patients. As a result, the coiffeurs and beau- 
ticians are consulted today much more frequently on this subject than are phy- 
sicians. One of the chief reasons for writing this book is a desire to help the 
physician to a better knowledge of all types of hair diseases so that a gullible 
public will not be constantly made the victim of hundreds of hair nostrums now 
so widely advertised.” 

The book is handsomely bound, the print clear and legible and theillustrations 
are good. It can be unhesitatingly recommended to anyone interested in the 
subject. 

L. W. K. 


Sulfanilamide, Sulfapyridine and Allied Compounds in Infections. By MAURICE 
A. SCHNITKER. Edited by Henry A. Christian. Cloth. 72 pp. $1.50. 
Oxford University Press, New York, London and Toronto. 1940. 

This reprint from the Oxford Loose-Leaf Medicine is a fairly comprehensive, if 
none too critical, review of present views on the use of sulfanilamide and its de- 
rivatives in the chemotherapy of bacterial infections. It is weakest in its discus- 
sion of the historical background and of the experimental investigations which 
have played such an important réle in the development of these drugs, and is 
strongest in its clinical section. The author (as well he might be) is at times, as 
on pages 3 and 47, somewhat confused by the terminology employed in designating 
trade names for these compounds and the relation of these names to the actual 
chemical composition of the compounds. On page 16, in discussing the “‘assay of 
sulfanilamide in blood and urine,” the method given for determining sulfapyridine 
is the one actually used for determining the total sulfapyridine content of the 
blood rather than that ordinarily used for the routine determination of the un- 
conjugated drug. The bibliography is well arranged and accurate. 

P. H. L. 
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SULFANILYLGUANIDINE: A CHEMOTHERAPEUTIC 
AGENT FOR INTESTINAL INFECTIONS! 


E. K. MARSHALL, JR., A. CALVIN BRATTON? H. J. WHITE 
AND J. T. LITCHFIELD, JR. 


Department of Pharmacology and Experimental Therapeutics, The Johns Hopkins University 


Submitted for publication June 24, 1940 


During a comprehensive pharmacological study of various sulfanil- 
amide derivatives in an effort to find a drug as active as sulfapyridine 
against pneumococcus infections and less toxic to the host, we en- 
countered several compounds which are water soluble but quite poorly 
absorbed from the gastrointestinal tract. Since some of these drugs 
are highly active as antibacterial agents, it appeared probable that 
a drug with these properties might be used to combat bacterial in- 
fections which are mainly or entirely localized in the intestine. The 
use of intestinal antiseptics heretofore has depended upon low water 
solubility to avoid absorption. The idea of a drug which is fairly 
water soluble and therapeutically active but not absorbed from the in- 
testine presents a new principle in the use of the new bacterial chem- 
otherapeutic agents; the fundamental principle involved is the achieve- 
ment of a high concentration of the drug in the intestine and a low 
concentration in the blood and tissues, a situation somewhat analogous 
to the use of sulfanilamide derivatives as urinary antiseptics. 

We have found such compounds as sodium sulfanilylsulfanilate (1), 
N'-(2-hydroxyethyl)sulfapyridine, N'-diglycolsulfapyridine and sul- 
fanilylguanidine to be water soluble to a considerable degree and 
poorly absorbed from the intestine. Since sulfanilylguanidine ap- 
peared to be the most active of these against various bacteria, we have 
conducted a pharmacological and therapeutic study of this compound. 
In the present communication, we present data on the preparation, 
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structure, chemical and physical properties, pharmacology, experi- 
mental therapy and possible clinical uses of this drug. 


CHEMISTRY 


Preparation and properties of N*-acetylsulfanilylguanidine. When 
guanidine nitrate or hydrochloride was treated with p-nitro- or 
p-acetaminobenzenesulfonyl chloride in moderately alkaline solution 
(NaHCO;, CH;COONa, NazCO;), the acid chloride was hydrolyzed 
to the corresponding acid and the product was the guanidine salt of 
the organic acid. A similar reaction occurred when guanidine carbon- 
ate was treated with the acid chlorides in ether solution. This is in 
accord with the behavior of guanidine salts toward benzenesulfonyl 
chloride as reported by Clarke and Gillespie (2). However, if the 
reaction be effected in cold, strongly alkaline solution, acyl guanidines 
result (2, 3, 4). 

To 2300 cc. technical chlorosulfonic acid, held at 13-15°, was added 
945 gms. (7 moles) powdered acetanilid in small portions, with con- 
stant stirring. After heating 2 hours at 60°, the cooled solution was 
poured on a mixture of 12 kgm. chipped ice with a little water (5). 
The precipitated p-acetaminobenzenesulfonyl chloride was collected 
by suction, washed with water, and was dissolved on the filter in a 
minimal amount of acetone (about 4 liters) and the filtered acetone 
solution was added slowly to 8 volumes of ice water. The acid chlo- 
ride (about 5 moles, or 1170 gms.) was again filtered off and taken 
up in 4 liters acetone. 

To a suspension of 610 gms. (5 moles) technical guanidine nitrate 
in 920 cc. water was added 500 gms. (12.5 moles) solid NaOH, slowly 
and with constant stirring. When all solids dissolved, the solution 
was cooled and 2 liters of acetone were added. The vessel was sur- 
rounded by ice to keep the temperature below 15°, and the acetone 
solution of the acid chloride was added from a dropping funnel over 
a one hour period, accompanied by constant stirring. On completion 
of the addition of the acid chloride, stirring was continued a half hour. 
Usually the product began to separate at this point as a thick white 
paste. The mixture was diluted to six times its volume with water 
and neutralized with HCl. After standing at least.one hour, the 
product, N*-acetylsulfanilylguanidine, was collected by suction, 
washed with water, and dried. The crude product softened at 260° 
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and melted at 262—6°; and was satisfactory for preparation of the free 
amine without further purification. The yield was 830-900 gms. 
(65-70 per cent of theory, based on guanidine nitrate). 

N‘-acetylsulfanilylguanidine crystallized from water or 6 N acetic 
acid in clear, colorless, glistening plates apparently containing 
one molecule of water of crystallization, although a melting point 
differing from that of the anhydrous compound could not be demon- 
strated in a short sealed capillary tube. The air-dried material lost 
6.6-6.7 per cent in weight on heating to 140° for 2 hours. The cal- 
culated percentages of water for a monohydrate is 6.57 per cent. The 
air-dried crystals, however, did not become opaque on heating. The 
anhydrous compound softened at 261°, and melted at 264.5-7.5°. In 
boiling solvents, it showed the following approximate solubilities: 
water, 1.5 per cent; 6 N acetic acid, 10 per cent; 95 per cent alcohol, 
0.7 per cent; very difficultly soluble in acetone, ethyl acetate, insoluble 
in ether and benzene. The solubilities in water and urine at 37.5° 
are given in Table 1. It is insoluble in dilute NaOH, and is hydro- 
lyzed to sulfanilylguanidine by brief boiling with alkalies or acids. 
Analysis: Calculated for CsHi2N«SO;: C, 42.16; H, 4.72; N, 21.87; 
S, 12.51. Found: C, 42.05; H, 5.03; N, 21.70; S,12.73. Molecular 
weight: Determined by ebullioscopy, using alcohol as solvent, 258. 
Calculated for CsHw2N,SO;: 256. A sample on acid hydrolysis, 
diazotization, and coupling, gave 0.65 the amount of color produced by 
an equal weight of sulfanilamide. The calculated fraction is 0.672. 

Hydrolysis of N*-acetylsulfanilylguanidine to sulfanilylguanidine. 
To each gram of N‘-acetylsulfanilylguanidine was added 2 cc. 6 N HCl 
(3 moles acid to 1 mole acetyl compound). A stiff paste resulted 
(probably the hydrochloride of N*-acetylsulfanilylguanidine), which 
was heated slowly to the boiling point on a hotplate. The solution 
was boiled gently for 5 mins. after all solid had passed into solution; 
then 5 volumes of ice water and a little activated charcoal (Norite) 
were added, and the solution was stirred for one-half hour. After 
filtration, the practically colorless acid filtrate was neutralized with 
NaOH, and after standing 1 hour, the precipitated sulfanilylguanidine 
was collected and recrystallized from water, followed by air drying. 
The yield was 45-60 per cent of the theoretical, based on the acetyl 
compound. 

Sulfanilylguanidine crystallizes from water as the monohydrate in 
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slender, clear, colorless prisms, incompletely melting in a short, sealed 
capillary at 142.5-3.5°. The hydrate lost 7.83 per cent in weight when 
heated 1 hour at 110°. The calculated percentage of water is 7.76 
percent. The anhydrous material softened at 168-78° and melted at 
189-90° without appreciable decomposition. Amalysis: Calculated 
for C7yHioN,SO:: C, 39.22; H, 4.71; N, 26.16; S, 14.97. Found: 
C, 39.50; H, 4.70; N, 26.47; S, 15.16. A sample, on diazotization 
and coupling, gave 0.815 the color given by an equal weight of sulfanil- 
amide. The calculated fraction is 0.804. It possessed the following 
approximate solubilities in boiling solvents: water, 10 percent; 95 per 
cent alcohol, 5 per cent; acetone, 1.5 per cent; very difficultly soluble 
in ethyl acetate, practically insoluble in benzene and ether. It is 


TABLE 1 


Solubility of sulfanilamide and some sulfanilamide derivatives in water and urine (pH 7.1) 
at 37.5°C. 





SOLUBILITY IN WATER SOLUBILITY IN URINE 





megms. per cent mgms. per cent 
1480 
534 
220 

40 

54 

16 

96 

6 











soluble in dilute mineral acids, but insoluble in dilute alkalies. The 
solubilities in water and urine are given in Table 1. The pH of a 
saturated aqueous solution at 25° is about 6.9. Sulfanilylguanidine 
possesses practically no taste. 

Sulfanilylguanidine monohydrochloride. Sulfanilylguanidine (4.28 
gms., 0.02 mole) was dissolved in 10 cc. (0.06 mole) hot 6 N HCl. 
On adding 50 cc. absolute alcohol and chilling, a crystalline mass pre- 
cipitated, which was filtered off and washed with absolute alcohol. 
The salt was dissolved in boiling 95 per cent alcohol and an equal 
volume of ether was added after cooling. The salt precipitated on 
chilling in sheaves of thin prisms, m.p. 205-6°. Analysis: Titration 
with 0.1 N NaOH, using methyl red indicator, gave 14.42 per cent 
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HCl. Calculated for C;HioN,SO.-HCl, 14.55 per cent HCl. The 
hydrochl: ride dissociates strongly in aqueous solution, and sulfanilyl- 
guanidine precipitates on dilution. 

Sulfanilylguanidine dihydrochloride. On dissolving 2.14 gms. sulf- 
anilylguanidine in 10 cc. warm concentrated HCl and evaporation to 
dryness in vacuo, followed by desiccation over CaCl, a white powder 
was obtained which softened at 165.5° and melted at 167.5-169.5° 
with gas evolution. Analysis: Titration with 0.1 N NaOH, using 
methyl red indicator, gave 24.9 per cent HCl. Calculated for 
C;HioN,SO2-2HCI, 25.4 per cent HCl. On refluxing with three times 
the calculated amount of acetic anhydride, N*-acetylsulfanilylguan- 
idine resulted. 

Sulfanilylguanidine picrate resulted when aqueous picric acid was 
added to an aqueous solution of the base. It crystallized from water 
in long, slender, flat, yellow prisms, m.p. 197—8° with decomposition. 

Hydrolysis and structure of sulfanilylguanidine. Sulfanilylguan- 
idine hydrate (2.32 gms., 0.01 mole) was distilled slowly with 100 cc. 
1 N NaOH, catching the ammoniacal distillate in standard acid. 
When 0.01 mole of ammonia had passed over (during 1} hours), the 
still-contents were filtered, neutralized with HCl, and concentrated. 
An almost quantitative yield of sulfanilamide was isolated and iden- 
tified by mixed melting point and colorimetric assay. When suli- 
anilylguanidine (0.02 mole) and 1 N NaOH (100 cc.) were merely 
heated together at 100° for 13 hours without distillation, about 0.005 
mole of urea was formed (determined by hydrolysis by urease) and 
about twice this amount of ammonia. No guanidine could be detected 
in the hydrolytic mixture. 

When sulfanilylguanidine was heated at 100° with 4 moles 6 N HCl 
for 15 hours, practically complete hydrolysis occurred, resulting in 
the formation of sulfanilic acid (identified by behavior on heating and 
by colorimetric assay) and guanidine (identified as its picrate). A 
satisfactory balance was obtained at any time during the hydrolysis 
between the remaining sulfanilylguanidine and the guanidine produced 
in the hydrolysis. No appreciable amount of urea could be detected 
by urease. 

There are two possible structural formulas to be considered for 
sulfanilylguanidine: 
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NH NH: 
4 vr 
SO.NH—C SO.N=C 
NH: NH: 
NH: NHe 


A. a-Sulfanilylguanidine B. 8-Sulfanilylguanidine 


There is every reason to believe that in the case of monoalkyl guan- 
idines, the structures analogous to A and B are resonance isomers, 
easily transformed one into the other. Whether this is also true for 
acyl guanidines remains to be investigated. If this were the case, 
both formula A and formula B would be considered correct. On the 
basis of existing data, it does not seem justifiable to assign one of 
these formulas to sulfanilylguanidine in preference to the other. 
Determination of sulfanilylguanidine. Sulfanilylguanidine was de- 
termined in blood, urine, spinal fluid and tissues by the methods 
described for sulfanilamide derivatives (6, 7), using a sensitive photo- 
electric colorimeter, and dilutions of 1:50 or greater. Experiments 
in the 1:50 dilution of blood (human, rabbit and dog) gave average 
recoveries with sulfanilylguanidine of 100.2 per cent and with its 
acetyl derivative of 97.9 per cent. Sulfathiazole and its acetyl de- 
rivative in blood were determined by the same method. Recoveries 
in a 1:50 dilution were: free, 96 per cent; acetyl, 94 per cent. Samples 
were measured with a 0.5 cc. accurately calibrated syringe pipette or 
a 0.02 cc. washout pipette. All figures for sulfanilylguanidine are 
given in terms of the anhydrous compound unless otherwise specified. 


TOXICITY 


Acute toxicity. Owing to poor absorption from the gastrointestinal 
tract, the acute toxicity of sulfanilylguanidine could not be determined 
by administration of the drug by mouth. Single oral doses of 6 gms. 
per kilogram to mice or 1 gm. per kilogram to dogs and rabbits gave 
very low blood concentrations in relation to the size of the dose and 
caused no symptoms. In dogs, the intravenous injection of doses of 
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0.1 and 0.2 gm. per kilogram in the form of supersaturated aqueous 
solutions cause no symptoms. Since the drug is not sufficiently sol- 
uble to give larger doses by injection and since a sodium salt cannot 
be prepared, toxicity cannot be determined by the ordinary methods 
of parenteral administration. 

It was found that acacia could not be used as a vehicle for suspend- 
ing the drug for intraperitoneal injection since injection of acacia 
itself caused death. On the other hand, the intraperitoneal injection 
of 0.5 cc. of olive oil was well tolerated by mice. When sulfanilyl- 
guanidine was given intraperitoneally suspended in olive oil, ab- 
sorption was rapid although unabsorbed drug was found in the peri- 
toneal cavity twenty-four hours after administration of large doses. 
The results of these experiments are given in Table 2. 


TABLE 2 
Toxicity for mice of sulfanilylguanidine given intraperitoneally in olive oil 














| MEAN BLOOD CONCENTRATION AT DEATH 
DOSE DEAD/TOTAL | TIME OF DEATH 
Free Total 
gm./kgm. hrs. mgms. per cent + S. D. | mgms. per cent + S. D. 
2.0 15/15 <12 133.9 419.9 182.9 +25.0 
1.0 15/15 12-24 68.0 +24.2 105.4 +32.5 
0.5 11/15 24-48 16.3 + 6.7 36.1 410.1 








A dog was injected intraperitoneally with 0.5 gm. per kilogram of 
the drug suspended in olive oil. The blood concentration reached 
25 mgm. per cent in four hours and persisted near this level for several 
hours; no symptoms of any kind were observed. Two other dogs were 
given 1.0 gm. per kilogram as above, and although the blood con- 
centrations rose to 48 mgms. per cent in one and 85 mgms. per cent 
in the other and remained near these levels for many hours, no symp- 
toms except slight vomiting were observed. Since blood concentra- 
tions of sulfapyridine of this magnitude cause severe symptoms and 
death in dogs (8), it is apparent that sulfanilylguanidine is less toxic 
than sulfapyridine for dogs. 

Chronic toxicity. Four groups of mice weighing from 16 to 20 grams 
were fed diets containing 2 and 4 per cent of sulfanilylguanidine, 2 per 
cent of sulfapyridine and 2 per cent of sulfathiazole for 14 days. These 
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experiments are summarized in Table 3. Blood samples were taken 
at 9 a. m. on the third and eleventh days of the experiment; the values 
represent minimal blood concentrations (7). Sections of kidney, 
liver, and spleen of 4 or 5 of the animals in each group on the 2 per 
cent diets were prepared and examined. Kidney sections were pre- 
pared from all 10 mice on the 4 per cent diet. All tissues were normal 
except for the kidneys of 3 of the 5 animals taken from the sulfathi- 
‘ azole group; these showed deposits in the lumen of the tubules, ob- 
struction and dilatation, and beginning hydropic degeneration in the 
epithelium. 

Two dogs were given per os 1 gm. per kilogram per day of the drug, 
divided into three equal doses at 9 a.m., 1 p.m. and 5 p.m., for 6 days. 


























TABLE 3 
Chronic toxicity for mice 
| | 
ini PER CENT |MEAN DRUG BLOOD CONCENTRATION | DEAD/ 
IN DIET INTAKE TOTAL 
Free Total 
mems. per 

mouse 27 | ver cent | per cent 
CE. 25 cdccsaedeweses 2 65 13.8 14.2 0/10 
NG it inccce cata debe 2 50 7.4 7.6 7/10 
Sulfaniiylguanidine.............. 2 72 4.9 6.1 0/10 
Sulfanilylguanidine.............. 4 | 49 | | 0/10 


| 





The blood concentrations during this period varied from 1 to 10 mgms. 
per cent; the total urinary excretion of drug during the first 7 days 
was 12.8 and 12.9 per cent of the amount administered. No symp- 
toms of any kind were observed. The animals were sacrificed on the 
9th day; no abnormalities were noted, and microscopic examination 
of sections of kidney, liver, and spleen appeared normal. 

Two rabbits fed on cabbage were given 1 gm. per kilogram of the 
drug per os, divided into two doses at 9 a.m. and 5 p.m. for 7 days. 
The blood concentrations of one varied from 1.1 to 4.4 free and 4.0 
to 18.7 mgms. per cent total and of the other from 2.1 to 3.0 free and 
5.6 to 31.2 mgms. per cent total. During the first 8 days the urinary 
excretion of free drug was 5.1 and 10.0 per cent and of total 19.2 and 
24.7 per cent of the amount administered. In the latter part of the 
experiment one rabbit exhibited weakness of the hind limbs while the 
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other showed hematuria and anuria on the 7th day. Both animals 
were sacrificed on the 9th day. No gross changes were seen in the 
first animal at autopsy; microscopically spleen and liver were normal 
but kidney showed tubular nephritis. The second rabbit showed large 
and turgid kidneys which on section revealed white deposits* in the 
medulla and pelvis. Microscopically, liver and spleen appeared nor- 
mal, but kidney showed dilatation of tubules and hemorrhages in the 
pelvis. 

Eighteen chinchilla rabbits, weighing from 1.9 to 2.1 kgms., were 
divided into three equal groups, each group containing an equal num- 
per of males and females. These animals were given only oats and 
water to insure a low rate of urine flow and to decrease excretion of 
the drug. The first group was given sulfanilylguanidine; the second, 
sulfapyridine; the third, sulfathiazole. One dose of 1 gm. per kilogram 
of each drug was administered per os suspended in 100 cc. of water 
each day for five days. In Table 4 is presented a summary of the 
data obtained. Although a quantitative estimation of the comparative 
chronic toxicity of the three drugs could not be obtained from these 
data, it is evident that administration of sulfanilylguanidine and sulfa- 
thiazole was followed by essentially the same degree of toxicity. A 
comparison of the proportion of drug acetylated in these animals 
shows that sulfanilylguanidine was acetylated the most and sulfa- 
pyridine the least. The preponderance of acetylated over the free 
form of drug strongly suggests that the observed toxicity was mainly, 
if not entirely, due to the former. Acetylsulfathiazole and acetyl- 
sulfanilylguanidine, therefore, appear to be equally toxic. It is evi- 
dent that the high blood concentrations of drug noted shortly before 
or at the time of death were the direct result of progressive depression 
of renalfunction. Unfortunately, the toxicity of these two acetylated 
drugs could not be evaluated with respect to acetylsulfapyridine in 
these experiments since toxic blood concentrations of the latter were 
not obtained. One rabbit receiving sulfathiazole failed to absorb the 
drug to any extent and remained entirely normal throughout the 
experiment. 


* These white deposits were crystalline and consisted chiefly of N*-acetylsulfa- 
nilylguanidine. This was shown by extraction of the crystals, and analysis of the 
solution. 
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Surviving animals were sacrificed on the eighth day. Autopsies 
were performed on allanimals. The pathological findings were limited 
to the kidneys. Grossly the sulfanilylguanidine group showed enlarged 
kidneys, crystalline deposits in the medulla and pelvis, but no gross 
hematuria. Microscopic sections revealed dilatation of the tubules, 


TABLE 4 
Chronic toxicity in rabbits 




















MEAN BLOOD CONCENTRATIONS, MGMS. PER CENT 4 
3 
DRUG No. a and | 4hrs. ym 2nd | Before Sth dose ~ Symptoms 
Free | Total | Free | Total | Free | Total 3 
Sulfanilyl- 1 | 7 | Increased muscular 
guanidine | 2 | 3.5 | 61.0 7 tone, hyperexcita- 
3 0.6| 8.8! 3.5 | 19.9 ) a bility, late muscu- 
4i\° ; . : 5 lar weakness, es- 
5 5 pecially of flexors 
6 6.0 1162.0 5 of hind legs 
Sulfapyridine | 1 
2 
3 I\3 9 | 10.3 | 14.8 | 29.4| 2.3 | 10.0 > qugtes & 
4 served 
5 
6 
Sulfathiazole | 1 0.6} 2.2 Weakness, occasional 
2 ls paralysis of hind 
g {7 | 3-2 | 1-0 | 26-3 hio.g Ison |S | tinbe, weakness of 
4 5 forelimbs, mild 
5 | 7.2 | 36.0 | 33.0 | 54.1 | 45.0 |108.0*| 3 tonic convulsions, 
6 | 7.1 | 60.0 | 25.8 | 91.0 2 respiratory dis- 
tress flaccid paraly- 
gis shortly before 
death 
































* Blood concentration at death. 


hydropic changes and necrosis of the epithelium, protein deposits in 
the glomerular capsules, and occasional red blood cells in the tubules. 
The findings in the kidneys of the sulfathiazole group closely parallel 
those seen in animals which had received sulfanilylguanidine, with 
the additional finding of dilated ureters and consistent gross hema- 
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turia. On the whole, injury appeared to be more pronounced in the,, 
sulfanilylguanidine series. In the sulfapyridine group only slight ab- 
normalities of the kidneys were seen. These included slightly enlarged 
kidneys, a few crystals in the pelves, slight dilatation of tubules, a 
small amount of epithelial damage, and occasional red cells in the col- 
lecting tubules. 
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Fic. 1. BLoop CONCENTRATION-TIME CURVES AFTER ADMINISTRATION OF 
SULFANILYLGUANIDINE AND SULFAPYRIDINE 


Each curve is the average of determinations on two or more “fasted” mice. 
A, sulfanilylguanidine hydrate, 0.5 grams per kilogram suspended in acacia per os; 
B, same, 6 grams per kilogram; C, same, 2 grams per kilogram; D, sulfapyridine, 
0.5 gram per kilogram suspended in acacia per os; E, same, 6 grams per kilogram; 
F, sulfanilylguanidine hydrate, 6 grams per kilogram suspended in olive oil 
intraperitoneally. 


ABSORPTION AND EXCRETION 


When sulfanilylguanidine suspended in acacia solution was given 
per os to mice, the blood concentration-time curves were nearly the 
same for small and large doses. Typical results are shown in figure 1. 
A curve for an intraperitoneal injection of an oil suspension and curves 
for per os administration of sulfapyridine are included for comparison. 

The same independence of the blood concentration-time curves of 
size of dosage after administration of single doses of sulfanilylguan- 
idine hydrate per os to dogs is shown in Table 5. Two experiments 
on intravenous injection of supersaturated solutions are included for 
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TABLE 5 


Absorption and excretion of sulfanilylguanidine in dogs 
























































BLOOD CONCENTRATION, MGMS. PER CENT, EXCRETED IN PER CENT OF 
ase — AT HOURS AMOUNT GIVEN AT HOURS 
72} 1 | 2 | sis 24 2 4 6 | 
a a + 
gm./ | | 
am. | | | 
0.02 | 1.4] 1.2] 1.5 | 1.3 | 0.2 | 15.6 | 37.7 | 52.2 | 73.4 
0.1 | 1.6| 2.9| 3.9) 3.5 | 2.8| 0.9 | 17.1 | 33.1 | 45.3 | 69.1 
Brown...4/0.1 | 0.9| 2.2| 4.3| 3.9|2.7|0.1| 12.7 | 27.6 | 36.5 | 60.0 
0.3 Bea y 2.7 2.4/}1.8 | 0.9 2.6 | 6.6 | 14.8 
0.8 3.3 2.7 | 3.0 3:0:1: 2.3 | 0.6 ‘3 a3 2.8 5.4 
Pats 0.02 | wa in 1.5 | 1.3 | 0.2 | 15.5 | 37.6 | 52.2 | 73.5 
y 0.1 0.8| 1.8] 2.4 A Be TS. | 0.1 6.1 | 11.5 | 14.6 | 25.4 
re 1.0 G2i Gs Li 2k | Be SS 2.0 
New..... 0.3 | 1.3] 1.8] 2.8 | 
Brown* 0.1 | 10.0 | 79) 69 | 4.9 | 3.5 0.5 | 38.2 | 58.1 | 67.3 | 96.5 
Brown*...| 0.2 | 21.0 | 14.3 | 10.9 |5.8| | 0.9 | 53.6 | 69.6 95.0 
* Intravenous. 
URINARY EXCRETION IN Z OF DOSE 
2 HRS. QRRS 6 HRS. 24 HRS. 
A FREE 5 5.7 10.3 30.3 
TOTAL 1.7 6.6 12.2 35.9 
8 FREE 1.1 4.1 8.1 228 
TOTAL 20 47 90 26.8 
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Fic. 2. BLoop CONCENTRATION-TIME CURVES AFTER ADMINISTRATION OF 


SULFANILYLGUANIDINE HYDRATE SUSPENDED IN WATER PER OS 


Each curve is an average of two experiments. 
curve with crosses (x x x) total. 


TO RABBITS 


Curve with dots (- - -) free; 


A, 0.1 gram per kilogram; B, 1.0 gram per 


kilogram; Urinary excretion of the drug in per cent (cumulative) is given in the 
insert. 
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5 Fic. 3. BLoop CONCENTRATION-TIME CURVES IN A DOG AFTER PER OS 
‘0 ADMINISTRATION OF SULFANILYLGUANIDINE HYDRATE 
— A, single dose of 0.3 gram per kilogram suspended in water at first arrow. B, 
0.1 gram per kilogram suspended in water given at each arrow. 
Or 
Be 
= ar 
= 
9 
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1 1 lL i 
' 2 3 a 
TIME IN HOURS 
Fic. 4. BLoop CONCENTRATION-TIME CURVES SHOWING ABSORPTION FROM 
LARGE AND SMALL INTESTINES 
Curve with dots (- - -) sulfanilylguanidine. Curve with crosses (x x x) 
sulfanilamide. Zero to 2 hours, absorption from large intestine; 2 to 4 hours, 
absorption from small intestine. Dogs anesthetized with sodium phenobarbital; 
tube passed through mouth and stomach into duodenum; pylorus and ileocecal 
ree; junction ligated; another tube passed through anus into large intestine and 
per ligature placed to prevent leakage. 0.1 gm./kgm. of drug in supersaturated 
the solution introduced into large intestine; after 2 hours large intestine washed out; 


0.1 gm./kgm. of drug in supersaturated solution then introduced into duodenum. 
Sulfanilylguanidine curve represents average of 3 experiments. 
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comparison. Excretion in the urine in per cent of the amount admin- 
istered (cumulative) is also presented. It is interesting to note that 
over 95 per cent of the amount of drug given intravenously was ex- 
creted in the urine in 24 hours. In figure 2 are presented similar data 
on per os administration to rabbits. Here it is to be noted that peak 
blood concentrations increased with increase in size of dose. In fig- 
ure 3 is shown the contrast between the blood concentration-time 
curves obtained after administration of a single dose and after adminis- 
tration of the same dose divided into three equal portions given at 3 
hour intervals. It is clear that dividing the dose gives a much higher 
blood concentration. The explanation of this may be that absorption 
occurs mainly in the small as opposed to the large intestine. Data 


TABLE 6 
Absorption and excretion of sulfanilylguanidine in man 





EXCRETED IN URINE 
BLOOD CONCENTRATION IN MGMS. PER CENT, AT HOURS 
¥ 24 HOURS IN 


PER CENT OF 
1 2 + 6 AMOUNT GIVEN 








Free Total 





gm./kem. 
..| 0.014 i 53.4 
.L.....| 0.028 | 0.5} 0.6) 0. ' ' ’ sj .3] 0.2] 0. 3 43.3 
W....| 0.036 | 1. lf 2. - ‘ ‘ . .8} 0.3) 0. . 62.3 
0.5) 0.6) 1. 

a. 

ie 





0.10 0.3) 0. ‘ 13.5 
s 11.1 
0.6) 1.1) 29. 42.7 
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obtained in absorption experiments where the drug is confined to the 
small or large intestine offers evidence for this explanation (Figure 4). 

In Table 5 data are available for the dog “Brown” for calculating 
the clearance of sulfanilylguanidine on the basis of whole blood values. 
Eight such determinations varied from 15.2 to 26.5 cc. with an aver- 
age 20.0 cc. per minute; four sulfanilamide clearances on the same 
animal varied from 4.4 to 6.8 cc. with an average of 5.5 cc. per minute. 

InTable 6 is presented a summary of a few experiments on the ab- 
sorption and excretion of single doses of sulfanilylguanidine hydrate 
given per os to man. These experiments appear to indicate that this 
drug is absorbed in man much as it is in the dog, but possibly to a lesser 
extent. 
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Like other sulfanilamide derivatives which have been investigated, 
sulfanilylguanidine is conjugated in the mouse, rabbit and man but 
notin the dog. A sample of urine from a dog which had received sulfa- 
nilylguanidine was chilled and crystals filtered off. These were re- 
crystallized from water and showed by mixed melting point to be 
sulfanilylguanidine. In a smilar manner N*-acetylsulfanilylguan- 
idine was recovered from the urine of a rabbit, which had received 
sulfanilyguanidine. 





MGM. PER CENT 





1 1 








TIME IN HOURS 








Fic. 5. COMPARISON OF CONCENTRATIONS IN BLOOD AND CISTERNAL FLUID IN 
UNANESTHETIZED DoGs AFTER ADMINISTRATION OF 0.2 GRAM PER KILOGRAM OF 
SULFANILYLGUANIDINE HYDRATE SUSPENDED IN OIL INTRAPERITONEALLY 


Curve with dots (- - -) concentration in blood; curve with crosses (x x x) 
concentration in cisternal fluid. The curves represent the average of the data of 
three experiments. In 24 hours the concentrations in blood and in cisternal fluid 
were approximately equal at a level below 1.0 mgm. per cent. 


DISTRIBUTION 


Experiments were performed on three unanesthetized dogs to de- 
termine the penetration of sulfanilylguanidine into the cerebrospinal 
fluid. Spinal fluid was obtained by cisternal puncture. The results _ 
indicate that this drug passes into the spinal fluid much more slowly 
than sulfanilamide or sulfapyridine (8). Figure 5 gives the essen- 
tial data. 

Because of its slow penetration into the spinal fluid, the distribution 
of sulfanilylguanidine in various tissues was determined in a dog two ‘ 
hours after an intravenous injection of the drug. The values found 
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(in mgms. per 100 cc. of fluids, and in mgms. per 100 grams of tissues) 
were as follows: blood, 5.4; plasma, 4.7; corpuscles, 6.3; cisternal fluid, 
1.3; liver, 6.2; skeletal muscle, 5.2; intestinal muscle, 5.6; lung, 6.1; 
brain, 0.8; and fat, 1.0. With the exception of brain and spinal fluid 
the rapid penetration and nearly equal distribution is similar to that 
found for sulfanilamide and sulfapyridine (9, 8). 


EXPERIMENTAL THERAPY 


Streptococcus and pneumococcus mouse infections. The activity of 
sulfanilylguanidine in mice against a 8-hemolytic streptococcus in- 
fection (C 203) and against a Type I pneumococcus infection (NC) 
was determined by the procedure of infection and treatment, previ- 
ously reported (10, 7). Fifty Swiss mice (our laboratory strain) were 
used for testing each drug against each infection. A three day feed- 
ing period prior to infection was employed to accustom the mice to 
the drug diets. Drug diet intakes were measured daily for three days 
after infection at which time treatment was terminated. Surviving 
mice were held for an additional 27 days, and deaths were recorded 
daily. A few mice whose deaths were apparently not due to the orig- 
inal infection have been excluded from consideration. The data ob- 
tained from these experiments were treated according to the procedure 
reported previously (7). 

In Table 7, two comparisons are presented: sulfanilylguanidine with 
sulfanilamide in the streptococcus infection, and sulfanilylguanidine 
with sulfapyridine in the pneumococcus infection. Comparative ac- 
tivity has not been based on S. D.s59 values because failure to account 
for wide differences betweem the blood concentration-time curves of 
these drugs would lead to erroneous conclusions. ‘The comparative 
activity of sulfanilylguanidine therefore is expressed by the S. B. C.so 
activity ratios. S. B. C.s values were obtained for each drug by multi- 
plying the S. D.s» values by the appropriate factor, thus converting the 
S. D.so in milligrams to the S. B. C.so in milligrams per cent. These 
factors (determined as previously reported) were for these experi- 
ments: sulfanilamide, 0.39 + 0.02; sulfanilylguanidine, 0.14 + 0.02; 
sulfapyridine, 0.49 + 0.04. The activity ratios of the S. B. C.so 
/ values indicate that sulfanilyguanidine is probable less active than 
" sulfanilamide against the streptococcus infection, and as active as 
sulfapyridine against the pneumococcus infection. 


—_ wr fr « 2 WF S&S © 7 ed 
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In vitro. Details of our procedure for measuring antibacterial ac- 
tivity of sulfonamide-type compounds in vitro have been described 
previously (11, 12). Results of preliminary tests to determine the 
antibacterial effect of 200 mgms. per cent of sulfanilamide and of sulfa- 
nilylguanidine in 1 per cent tryptone water against E. coli and various 
strains associated with enteric diseases are summarized in Table 8. 
Suitable dilutions of 18 hour test cultures were made in tryptone water 
and inoculated in 0.2 cc. amounts into 5 cc. of the same medium con- 
taining 200 mgms. per cent of drug. Drug-bacteria mixtures, to- 
gether with control tubes containing no drug, were incubated for 48 


TABLE 7 
Activity against streptococcus and pneumococcus infections 





STANDARD ERRORS OF 
LOGARITHMS OF: 





INFECTING THERAPEUTIC 
ORGANISM AGENT 


ACTIVITY RATIO 





Streptococcus | Sulfanilamide|2. 
C 203 Sulfanilyl- 
guanidine 


0.88) 3. 0.97 
0.79 


1.81 


ool 
go 


Pneumococcus | Sulfapyridine |5. 
Type I Sulfanilyl- (4.18 
guanidine 


06 1.26 -08 
1.53 86 


7 
40.94 | 5. 





























* Signifies slope constant plus or minus its standard error. 
t Signifies median survival dose. 
t Signifies median survival blood concentration. 


hours at 39.0°C. Turbid growth in the control tubes occurred in from 
10 to 20 hours depending upon the size of inoculum. Lack of visible 
growth in the drug-bacteria mixtures at the end of 48 hours was taken 
as an indication of inhibition. One cc. of each test mixture showing 
no growth was subcultured into 9.0 cc. of PD broth and incubated for 
96 hours at 37.0°C. Failure to obtain growth in a subculture tube 
was considered to be evidence of sterilization of the original test mix- 
ture inoculum. Sulfanilylguanidine and sulfanilamide were equally 
effective against E. coli and the Newcastle and Flexner strains of dys- 
entery bacillus; sulfanilamide was slightly more effective against E. 
typhi and the Shiga and Sonné strains. The Flexner W was most 
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susceptible and the Shiga and colon bacilli were most resistant to the 
antibacterial action of both drugs. 200 mgms. per cent of sulfanilyl- 
guanidine sterilized a large inoculum of V. cholerae. 

The minimal bacteriostatic and minimal bactericidal concentrations 
of sulfanilamide, sulfapyridine and sulfanilylguanidine were deter- 











Ra renters 





TABLE 8 
Effect of 200 mgms. per cent of drug in 1 per cent tryptone water after 48 hours incubation 
at 39.0°C. 
ANTIBACTERIAL ACTIVITY OF 200 
MGMS. PER CENT 
INOCULUM 
PER CC. . 
Sulfanilamide a 
130,000 No effect No effect 
Spal aisicaidhktttiesdcaormeionate aaveaiaraionied 1,300 | Inhibitory Inhibitory 
13 Inhibitory Inhibitory 
7 130,000 Inhibitory No effect 
Aisi vciesailile iuihiaebanasetenn ale dcaBceiadi 1,300 Bactericidal Bactericidal 
140,000 No effect No effect 
S. dysenteriae (Shiga)................. 1,400 | Inhibitory No effect 
14 | Inhibitory Inhibitory 
40,000 | Inhibitory No effect 
S. paradysenteriae (Sonné)............ 400 | Bactericidal Inhibitory 
+ Bactericidal Bactericidal 
70,000 | Inhibitory Inhibitory 
S. paradysenteriae (Newcastle)......... 700 Inhibitory Inhibitory 
7 Bactericidal Bactericidal 
S. paradysenteriae (Flexner W).......... 70,000 | Bactericidal Bactericidal 
IN i a ahd d n't aces den sc dbiicialoe 90,000 Bactericidal 














mined for a strain of 8-hemolytic streptococcus (Group A), pneumo- 
coccus Type I, Streptococcus viridans, Shiga dysentery bacillus and 
5 strains of S. paradysenteriae. Initial drug solutions of 160 mgms. 
per cent were made and diluted out in the test medium to obtain a 
series of drug concentrations which decreased, by multiples of one- 
half down to 0.08 mgm. per cent. Drug solutions in the test medium 
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were autoclaved, held at room temperature for 24 hours and then in- 
oculated with 0.2 cc. of suitable diluted test culture. Test media, 
test temperatures, and size of inoculum were selected for the various 
bacteria so that antibacterial activity of the drugs could be demon- 
strated and titrated under conditions which otherwise permitted tur- 
bid growth in less than 24 hours. Initial bacterial concentrations in 


TABLE 9 
Bacteriostatic and bactericidal activity in vitro 





| 
MINIMAL CONCENTRATION OF DRUG IN MGMS. PER CENT 





INOCU- | 


LUM Bacteriostatic Bactericidal 
PER CC. 





A B Cc B 








Beta hemolytic 300 .63} .63 .63 
strep. (C 203) 
Pneumococcus type ‘ 1.25) .31 .63 
I(NC) 
Strep. viridans : 700 | 2.5 | .63 .63 
(Scoggins) | 
S. dysenteriae : 1400 /10 3 10 
S. paradysenteriae : 1800 80 160 80 
(Sonné) 
S. paradysenteriae 1100 | 1.25] . 2.5 2.5 
(Flexner W) 39.0 | 1100 63} . : 63 ‘ 31 
S. paradysenteriae 37.5 | 2000 | 5 ‘ b 40 ; 20 





(Flexner X) 39.0 | 1200 | 2.5]. 2 5 ‘ 5 
S. paradysenteriae T | 37.5 | 2400 |10 a >160 |>10 /|>160 
(Flexner Y) 39.0 | 600 | 2.5]. , 20 20 20 
S, paradysenteriae T | 37.5 | 1600 |80 [2.5 >160 |>40 |>160 


(Flexner Z) 39.0 800 |20 1.25 >160 80 |>160 





























Figures in last six columns show the smallest amount of drug: A, sulfanilamide; B, 
sulfapyridine; C, sulfanilylguanidine which inhibited or sterilized the various inoculums 
after 48 hours incubation under the test conditions indicated. PD refers to peptone- 
dextrose broth and T to a 1 per cent solution of bacto-tryptone. 


test mixtures were determined by plate counts. To distinguish be- 
tween inhibition and sterilization at the end of 48 hours incubation, 
subcultures were made into blood broth from the PD broth test mix- 
tures and into PD broth from the tryptone water test mixtures. It 
is evident (Table 9) that sulfanilylguanidine was equally as active or 
slightly less active than sulfapyridine against the strains tested. 





182 MARSHALL, BRATTON, WHITE AND LITCHFIELD 


Among the various strains of dysentery bacillus, Flexner W and Flex- 
ner X were most susceptible and Shiga and Sonné most resistant to 
the antibacterial action of all three drugs. 

Effect on intestinal colon bacilli. The effect of sulfanilylguanidine 
on colon bacilli in the intestinal contents of normal mice was inves- 
tigated. Fifteen mice were placed on the normal laboratory diet 
(Pratt’s Nurishmix) in individual cages. Fresh stool specimens were 
obtained directly from each mouse and emulsified in broth (about 50 
mgms. of stool in 5 cc. of broth). Pour plates in desoxycholate agar 
were made with 1 cc. amounts of a 1: 100 broth dilution of the original 
emulsions. After 48 hours incubation at 37°C. coliform colony counts 


TABLE 10 
Effect of 1 per cent sulfanilylguanidine diet on the lactose-fermenting colony count of the 
intestinal flora of normal mice 





DESOXYCHOLATE AGAR PLATE COUNT 





Mouse number 





1 2|3|4|s5|6|7 8 | 9 | 10) 1 12 | 13 | 14 





Before drug diet M|M|M|H|H|M|M|M|M|M|H/|M|H|M 
During drug diet 10| 3 10; 1 | 1 |80;/92}80;0|6|M/ 0/6 
After drug diet M|T|H|M|M|H|M|T|M|H|H|M|M|M 























About 50 mgms. of stool was emulsified in 5 cc. of broth. Pour plates were made with 
1.0 cc. amounts of a 1:100 dilution of the original stool emulsion. M, innumerable 
colonies; T, thousands; H, hundreds; figures refer to actual number of lactose-fermenting 
colonies. 


were made in accordance with the description given by Leifson (13). 
Several isolations from these colonies were made to check their con- 
formity to other coliform characteristics. Similar plate counts were 
made on stool specimens obtained from the fifteen mice 48 hours after 
being placed on a diet containing 1 per cent sulfanilylguanidine. A 
third set of plates was made four days after the mice had returned to 
normal diet. Table 10 summarizes these data. 

The small amount of drug which was carried over in the diluted 
stool emulsions to the second set of pour plates was insufficient to 
inhibit growth of the colon bacillus. A determination of the effect 
of the drug upon non-lactose-fermenting organisms was not included 
in the present study. 
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In Table 10 the results for mouse No. 12 were associated with a very 
low drug-diet intake, compared to the other mice in the series, and 
consequently indicated a low drug concentration in the stool. 

This experiment clearly reflected a marked reduction in the con- 
centration of lactose fermenting bacteria (mainly of the coliform 
group) in the intestinal contents of mice placed on a diet containing 
1 per cent of sulfanilylguanidine. 


DISCUSSION 


The results of a study of sulfanilylguanidine are given in the present 
communication. The use of a drug which is fairly water soluble but 
very poorly absorbed from the gastrointestinal tract introduces a new 
principle in bacterial chemotherapy. The antibacterial activity of 
sulfanilylguanidine suggests that this drug or some other having sim- 
ilar properties may prove useful in the treatment of bacterial infections 
which are mainly or entirely localized in the intestine. 

The acute toxicity of sulfanilylguanidine when given by mouth 
appears to be very slight, but this may be due to poor absorption. 
On the basis of blood concentration, sulfanilylguanidine would seem 
to be more toxic acutely than sulfanilamide in mice and less toxic than 
sulfapyridine in dogs. In the case of mice this may be due to the 
greater acetylation of the drug. 

Chronic toxicity experiments indicate that very large doses can be 
given by mouth to mice and dogs without producing symptoms or 
pathological changes in the tissues. With similar dosage in rabbits, 
however, a vicious cycle may be instituted. Good absorption of the 
drug with a high degree of acetylation favors deposition of the acetyl 
derivative in the renal tubules. Failure to excrete the drug, due to 
the resulting decreased renal function, leads to further increase in 
blood concentration of the acetyl derivative,‘ and further deposition. 
Severe toxic symptoms, pathological changes in the kidney and death 
are the end result. Under these experimental conditions sulfathiazole 
and sulfanilylguanidine were about equally toxic. In dogs where 


‘It is interesting to note that the concentrations of both acetylsulfanilylguani- 
dine and acetylsulfathiazole found in the blood were many times those expected 
from their solubility in water. 
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acetylation does not occur, no symptoms of chronic toxicity have been 
observed. 

On the other hand, when administered by mouth to mice, sulfa- 
nilylguanidine appears to be no more toxic than sulfapyridine and 
definitely less toxic than sulfathiazole. Whereas administration for 
14 days of four per cent of sulfanilylguanidine in the diet caused no 
symptoms or pathological changes, two per cent of sulfathiazole in the 
diet caused the death of 7 out of 10 mice with pathological changes in 
the kidney.’ When one considers that the blood concentrations main- 
tained by the two drugs were nearly identical in these feeding experi- 
ments, it is clear that the chronic toxicity of sulfanilylguanidine is much 
lower for mice than is that of sulfathiazole. 

Taking all of our experiments into consideration, it would appear 
safe to conclude that sulfanilylguanidine, when given by mouth is no 
more and is probably less toxic than sulfapyridine or sulfathiazole. 

Experiments on mice and dogs where a single dose of sulfanilyl- 
guanidine is given by mouth show that after a certain point is reached 
a large increase in size of the dose does not result in either a higher 
blood concentration or increased absorption. This is similar to pre- 
vious observations with sulfapyridine (8) but it occurs with sulfa- 
nilylguanidine at a much lower level of dosage. In rabbits an increase 
in size of dose results in an increase of both absorption and blood con- 
centration of sulfanilylguanidine. The same total amount of drug, 
given in divided doses at intervals of a few hours, results in a much 
higher blood concentration than when given as a single dose (dog and 
mouse). The explanation of the pecularities in the absorption of sulf- 
anilylguanidine appears to be that the drug, though fairly water 
soluble, is absorbed slowly and mainly from the small intestine. 

From the data obtained, it is apparent that sulfanilylguanidine 
passes into the spinal fluid of the dog very much more slowly than do 
sulfanilamide and sulfapyridine (8). It appears to penetrate rapidly 
most of the body tissues with the exception of brain. 

Sulfanilylguanidine is conjugated in the mouse and rabbit to a 
greater extent than is sulfanilamide, sulfapyridine or sulfathiazole. 
The conjugated derivative in the case of the rabbit has been shown 


5 Only ten mice were used with sulfathiazole, as our findings are identical with 
those of Van Dyke, Greep, Rake and McKee (14). 
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to be N*-acetylsulfanilylguanidine; it is almost certainly the same com- 
pound in man and the mouse. The excretion of sulfanilylguanidine 
is more rapid than that of sulfanilamide; in the dog, clearance of the 
former is about four times that of the latter. 

In considering the data on the antibacterial activity of sulfanilyl- 
guanidine im vitro it must be remembered that absolute values of ef- 
fective drug concentrations cannot be transposed to the intestinal 
tract because in intestinal contents there may be a richer or poorer 
medium, a different temperature and a different concentration and 
strain of bacteria. However, it is probable that pathogenic organisms 
which are more susceptible than E. coli to sulfanilylguanidine in vitro 
will likewise be more susceptible in the intestinal tract. The reduction 
in concentration of coliform organisms in the stools of mice fed sulf- 
anilylguanidine in the diet suggests that organisms more susceptible 
than E. coli im vitro may be inhibited or destroyed in the intestine. 

As already stated the pharmacological properties of sulfanilylguan- 
idine also suggest that this drug may prove effective in the treatment 
of certain bacterial infections which are localized mainly or entirely 
in the intestine. One thinks immediately of such diseases as bacillary 
dysentery, cholera, and typhoid fever in its early stages. In experi- 
mental animals, with the possible exception of monkeys, these diseases 
are not uniformly localized in the intestinal tract. Consequently, no 
direct experimental assessment of therapeutic value of the drug has 
been obtained. Nevertheless, this drug is one of the few sulfanilamide 
derivatives which have been shown to be as effective as sulfapyridine 
against the pneumococcus in mice; its administration can reduce the 
number of coliform organisms in the intestinal flora of normal mice; 
and in vitro it is equally as active as, or more active than, sulfanilamide 
against various bacteria. All of these facts support the expectation 
that sulfanilylguanidine will be of value in the therapy of intestinal 
diseases. 

The reports of the effectiveness of sulfanilamide in the treatment of 
a Sonné strain of dysentery (15) and typhoid infection (16) in mice 
and of its value in treating bacillary dysentery in man (17) argue for 
the greater usefulness of sulfanilylguanidine in these infections in man. 
However, evidence of its therapeutic capabilities can only be obtained 
by a careful clinical study. 
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An assessment of the probable toxicity of this drug when used in 
patients, is of prime importance. Since in its suggested use, the prob- 
lem of dosage is to maintain a high concentration in the intestine with 
as low a concentration in the blood as possible, we have not been 
primarily interested in the chronic toxicity of long maintained and 
constant blood concentrations. In the absence of severe diarrhea, 

one or two doses a day may be sufficient to keep the contents of the 
" large intestine saturated with the drug; where severe diarrhoea is 
present, several doses per day may be necessary, but these should give 
‘ no higher blood concentrations than single doses in normal individuals. 
Studies of the toxicity of this drug in the mouse, rabbit and dog and 
a comparison of its toxicity with that of sulfapyridine and sulfathiazole 
lead us to believe that under the conditions of its clinical trial, it should 
prove less toxic than these two drugs, both of which have been used 
in a large number of patients. Of course, hypersensitivity and idio- 
syncracy may occur. 

Certain advantages and disadvantages of sulfanilylguanidine as an 
intestinal chemotherapeutic agent may be deduced from our experi- 
mental investigations. The solubility of the drug, accompanied by 
its low absorption from the intestine would appear to constitute its 
chief advantage over the sulfanilamide derivatives in use at present. 
The rapid excretion of the drug is a definite advantage. The fact that 
the drug is as active as sulfapyridine in a pneumococcus infection in 
the mouse places it among the more active sulfanilamide derivatives. 
Acetylation of sulfanilyguanidine is no disadvantage to its therapeutic 
action since acetylation does not occur in the intestine, but probably 
increases the toxicity of the drug. However, acetylsulfanilylguanidine 
is more soluble than acetylsulfapyridine in both water and urine. 
Experiments now in progress should give a preliminary idea of the 
therapeutic efficacy and the toxicity of the drug in patients with in- 
testinal diseases. 


SUMMARY 


1. The preparation, and chemical and physical properties of sulf- 
anilylguanidine are described. 

2. The toxicity of this drug has been investigated in mice, rabbits 
and dogs. On the basis of all experiments, it would appear, when 
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given by mouth, to be no more, and probably less toxic than sulfa- 
pyridine and sulfathiazole. 

3. Although fairly soluble in water, sulfanilylguanidine is poorly 
absorbed from the intestinal tract. 

4. This drug is conjugated in the mouse, rabbit and man, but not 
in the dog. In the rabbit the conjugated compound has been shown 
to be N*-acetylsulfanilylguanidine. 

5. Sulfanilylguanidine passes into the spinal fluid much more slowly 
than do sulfanilamide and sulfapyridine. It rapidly penetrates the 
tissues with the exception of brain, and is present in them in about 
the same concentration as in the blood. 

6. Sulfanilylguanidine is somewhat less effective against a 8-hemo- 
lytic streptococcus infection in mice than is sulfanilamide, but is 
equally as effective as sulfapyridine against a pneumococcus infection 
in mice. 

7. In vitro studies show that this drug is equally as effective as, or 
more effective than sulfanilamide against various bacteria. 

8. The concentration of coliform bacteria in the feces of mice can 
be reduced by its administration. 


9. The pharmacological properties of sulfanilylguanidine suggest 
that it may prove effective in the treatment of bacterial infections 
which are localized mainly or entirely in the intestine. 


We wish to thank Miss Dorothea Babbitt and Mrs. H. J. White for technical 
assistance, and Dr. Richard H. Follis, Jr. for kindly examining the microscopic 
sections. 

The sulfanilamide used in this investigation was furnished by Eli Lilly and 
Company; the sulfapyridine, by the Calco Chemical Company; and the sulfa- 
thiazole, by E. R. Squibb and Sons. 
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The similarity in chemical structure between desoxycorticosterone 
and the steroid sex hormones, especially progesterone,! suggests the 
possibility of similarities of action between the former and the well 
recognized regulators of the secondary sex characters. Experiments 
designed to test such a relationship, although few in number, have, 
in the main, shown desoxycorticosterone to possess many of the biolog- 
ical properties of progesterone. Since these reports have been based 
almost exclusively upon experiments with laboratory rodents, how- 
ever, and because of the increasing clinical use of desoxycorticosterone 
in the treatment of adrenal insufficiency, further observations, on the 
primate accessory sex organs, appear to be of interest. 

Mature female rhesus monkeys in the Carnegie colony were used. 
The animals, which ranged in weight between 4880 and 5520 grams, 
were castrated six to nine weeks previously. Synthetic desoxycor- 
ticosterone acetate,? dissolved in sesame oil and injected subcutane- 

ously, was administered daily (except Sundays) for periods up to 
thirty days. Vaginal lavages were made daily and the desquamation 
calculated by the method of Hartman (11). Estimations of sex skin 
coloration were made at frequent intervals and recorded on the basis 
of a scale of color intensity graded from 0 to 10. Biopsies of the mam- 
mary gland were made at the beginning and at the termination of the 
injections, and the tissues were studied as whole mounts and in histo- 
logic sections. 





' Desoxycorticosterone could be derived from progesterone by the substitution 
of an hydroxyl group at Ca. 

? Percorten, kindly supplied by Dr. Ernst Oppenheimer of the Ciba Pharma- 
ceutical Corp. 
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The present report is based upon observations on three monkeys 
which were treated according to the following schedule: 

Monkey No. 703: 10 mgm. desoxycorticosterone acetate daily for 
24 days. 

Monkey No. 592: 10 mgm. desoxycorticosterone acetate daily for 
13 days. 

Monkey No. 620: 5 mgm. desoxycorticosterone acetate daily for 
30 days. 


OBSERVATIONS 
Vaginal desquamation 


All three animals were followed for adequate control periods before 
the injections were begun, and the vaginal lavages were found to be 
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Fic. 1. Monkey no. 592. Effect of desoxycorticosterone acetate on vaginal 
desquamation. 


consistently clear or only slightly cloudy, a condition typical of the 
castrate. In monkeys no. 703 and no. 592, which received 10 mgm. 
of desoxycorticosterone acetate daily, the vaginal desquamation began 
to rise within 5 days after the institution of treatment, reaching a 
maximum of 20 per cent by the eighth to twelfth day. This may be 
interpreted as a good “estrogenic” response, for when no. 592 was 
subsequently injected with 150 rat units of estradiol benzoate daily 
for one month, the vaginal desquamation exceeded 20 per cent only 
once during this period. Even during her periods of maximal sex ac- 
tivity prior to castration, the desquamation rarely exceeded this fig- 
ure. The desquamation response of no. 592 is shown in figure 1. In 
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S no. 703, in which injections were continued over a longer period, the 
vaginal desquamation remained elevated. Following the cessation of 

rr treatment, the desquamation curves rapidly approached castrate 
values again. 

ir In monkey no. 620, however, which received only 5 mgm. of desoxy- 
corticosterone acetate daily, there was no increase in vaginal desqua- 

ir mation, and her lavages continued clear to cloudy during the entire 
period of injections. 

It is of interest also that vaginal bleeding, presumably of uterine 
origin, began in no. 703 between the third and sixth days after the 
injections were stopped. This phenomenon was not observed in no. 

e 592 nor in no. 620, which had had previous hysterectomies. 
Sex skin 

Following castration, the sex skin of the mature female monkey 
pales, but it may be restored to a brilliant red by the injection of estro- 
genic hormone (1).* The sex skin rating of no. 592 increased from 3 
to 7 while receiving desoxycorticosterone acetate. No. 703 improved 
in color intensity from 5 to 8 while under treatment, and showed also 
a marked edema of the genital region and surrounding areas, which 
subsided when the injections were discontinued. No. 620 exhibited 
little if any response, but her color had not yet completely waned 
since castration. 





Mammary gland 

Perhaps the most striking effects observed as a result of the treat 
€ ment are the changes in the mammary glands. Pre-treatment bi- 
. opsies show characteristic post-castration atrophy (figure 2), consist- 
n ing of shrunken lobules containing collapsed acini, which are composed 
a of small, indistinct cells with pyknotic nuclei and no mitotic figures.‘ 
€ The thin-walled ducts are surrounded by very little periductile con- 
S nective tissue. In monkey no. 703, after receiving 10 mgm. of desoxy- 
y corticosterone acetate daily for 24 days, a strikingly different picture 
‘i * This reaction is not specific for the so-called estrogenic substances, however, 
: for testosterone and its esters produce a similar effect on the sex skin of the monkey. 
J ‘ Other post-castration changes, characteristic of the monkey mammary gland, 
a will be described in a separate report. 





Fic. 2 (top). Monkey no. 703. Section of mammary gland before treatment, 
showing atrophic lobule. Hematoxylin and eosin; x 100. 

Fic. 3 (center). Monkey no. 703. Section of mammary gland after 24 days 
treatment with desoxycorticosterone acetate, 10 mgm. per day, showing lobular 
development and growth of acini, and thick mantel of periductile connective 
tissue. Hematoxylin and eosin; x 100. 

Fic. 4 (bottom). Monkey no. 703. Section of mammary gland after treat- 
ment, showing mitotic figures. lron hematoxylin; x 1000. 
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is seen in the mammary gland (figures 3 and 4). In the whole mount, 
as well as in histologic sections, the lobules are found to be markedly 
enlarged, and the individual acini are clearly seen, with patent lumens. 
The cells are hypertrophied and contain large, vesicular nuclei. Nu- 
merous mitotic figures are present (figure 4). The duct epithelium 
is thickened, and there is a marked increase in periductile connective 
tissue. 

In monkey no. 592 there is very little change noticeable after 13 
days treatment. Mammary biopsy repeated 11 days later, however, 
shows glandular development similar to, but not as advanced as, that 
present in no. 703. Thus, in the former animal, growth of the mam- 
mary gland occurred after injections were discontinued. The monkey 
mammary gland typically manifests a latent period of variable dura- 
tion before responding by growth to injected hormones. However, 
an additional factor possibly responsible for this delayed response may 
be the formation of reservoirs of residual oil, which continued to lib- 
erate small amounts of desoxycorticosterone acetate. 

Monkey no. 620, by contrast, showed no mammary response to 5 
mgm. of desoxycorticosterone acetate daily, even after thirty days 
treatment. 


DISCUSSION 


The foregoing observations leave little doubt as to the biological 
activity of desoxycorticosterone on the sex apparatus. It is clear, 
however, that desoxycorticosterone differs from progesterone in its 
effects in the monkey. Both compounds cause growth of the mam- 
mary gland, and both may cause uterine bleeding. Whereas the for- 
mer, however, in appropriate dosage, produces reddening and swelling 
of the sex skin and increased vaginal desquamation, recent experi- 
ments in this laboratory have revealed that progesterone causes ex- 
actly opposite effects. 

Thus, the responses obtained do not permit of the complete anal- 
ogy between desoxycorticosterone and progesterone which is suggested 
by observations on other species. For example, the uterine response 
to desoxycorticosterone is typically progestogenic in the rabbit (16, 
23, 12) and cat (15), the endometrium undergoing progestational 
changes, and the myometrial response to pituitrin being inhibited in 
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the rabbit both im vivo and in vitro (17). Further actions in which des- 
oxycorticosterone has been observed to simulate progesterone are (a) 
maintenance of pregnancy in castrated mice and in castrated and hypo- 
physectomized rabbits (17), (b) induction of estrous receptivity in 
spayed guinea pigs (12), and (c) inhibition of normal and experimental 
vaginal estrus in mice (17) and rats (4). Conversely, progesterone 
has been found capable of activity characteristic of desoxycortico- 
sterone. Thorn and his associates (22, 21) have described a sodium 
retaining effect of progesterone in normal dogs, and the hormone has 
been found effectual in maintaining adrenalectomized ferrets (6) and 
in prolonging the survival of adrenalectomized cats (3) and rats (5, 
7, 2, 10, 19). 

Estrogenic effects of desoxycorticosterone acetate on the post-meno- 
pausal human vagina, as indicated by vaginal smears, were recently 
reported by Salmon (18). Selye (20) has found that large doses of 
the compound will produce vaginal estrus and inhibition of scrotal 
formation in immature rats. Growth of the mammary glands of male 
mice has been reported (13) following treatment with desoxycortico- 
sterone, but Geschickter (8) has been unable to confirm this in the rat. 

Desoxycorticosterone has also been investigated for androgenic ac- 
tivity and has been found effectual in promoting growth of the capon 
comb (14), but it is incapable of preventing post-castration atrophy 
of the male rat accessories (14, 9). 

It seems advisable, therefore, to regard desoxycorticosterone as a 
compound with its own peculiar set of biological reactions, rather than 
conforming rigidly to the reactions typical of any other hormone or 
class of hormones. 


CONCLUSIONS 


Desoxycorticosterone acetate, in a dosage of 10 mgm. per day, is 
an effective stimulator of the secondary sex organs of the mature, 
castrate, female rhesus monkey. It is capable of increasing the vag- 
inal desquamation, re-awakening the sex skin coloration and swell- 
ing, and causing lobule-alveolar growth in the mammary gland. It 
may also produce uterine bleeding, without priming with estrogens, 
when injections are stopped. A daily dosage of 5 mgm. failed to pro- 
duce any of these effects. 
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A previous study of the innervation of the urinary bladder (Lang- 
worthy and Murphy, 1939) led directly to interest in the nerve supply 
of its vascular bed. A large portion of the nerves in the submucosa 
was found to be related closely to the complicated network of blood 
vessels present in this region. Moreover the thin wall of the viscus, 
which can be stained, cleared and studied as a whole mount, seemed an 
ideal place to follow the vascular nerve supply 

In order to trace vascular innervation, we determined to cut the 
various nerves to the organ separately and, allowing time for degen- 
eration, to stain the remaining fibers. This method has not yielded 
clear cut results; indeed we have met complications which seem insur- 
mountable. However a discussion of the difficulties in producing 
complete denervation of the blood vessels may in itself be of interest. 

The poverty of anatomical or physiological information concerning 
vascular innervation is astonishing. It is clear that the sympathetic 
portion of the autonomic nervous system supplies vasoconstrictor 
fibers to most peripheral vessels. The source of vasoconstrictor fibers 
to such organs as the heart or stomach is still a matter of controversy. 
The second apparently established fact is that stimulation of the distal 
end of a divided posterior spinal root produces vasodilatation of the 
superficial vessels in the corresponding dermatome. Interpretations 
of this phenomenon are controversial. Posterior spinal roots may 
contain true vasodilator fibers as well as sensory nerves innervating 
the blood vessels and other contiguous structures. The response may 
be considered an “‘axone reflex.” The clearest anatomical description 
was given by Woollard (1926) who demonstrated medullated fibers 
from the posterior roots ending on blood vessels as well as supplying 
branches to pacinian corpuscles and fat cells in the vicinity. 

196 





INNERVATION OF BLOOD VESSELS IN URINARY BLADDER 197 


One attractive theory of vascular innervation may be advanced as 
a foundation for the discussion which follows. Sympathetic fibers 
normally influence vasomotor tone; through them stimulation pro- 
duces vasoconstriction and its controlled withdrawal regulates the 
necessary vasodilatation. Sensory stimuli from the blood vessels and 
surrounding structures are carried to the nervous system by myeli- 
nated fibers which enter the spinal cord through the posterior roots. 
Stimulation of these fibers, at least under artificial conditions, causes 
vasodilatation. 

The importance of understanding the innervation of the blood ves- 
sels to the viscera has never been adequately emphasized or appreci- 
ated. Carlson pointed out that the mucosa of the human stomach 
lies in turgid folds which pulsate with the heart beat. The rich vas- 
cularization of the normal vesical mucosa is well known. It may be 
that alterations in vesical activity obtained on stimulation or section 
of the sympathetic nerve fibers to the bladder depend primarily upon 
changes in the blood supply. 

Also pain responses are thought to be carried along blood vessels; 
this view has been developed particularly by Leriche (1939) and may 


have an important bearing upon the problem of pain in abdominal 
viscera. There is no doubt that neurosurgery for the relief of pain 
has so far been disappointing. Individuals vary greatly in response 
to pain so that its appreciation must be considered from psychological 
as well as anatomical and physiological aspects. 


METHODS 


Preparations were stained intravitally with methylene blue (Ehrlich). The 
method has been outlined in earlier papers by Kleyntjens and Langworthy (1937) 
and Langworthy and Murphy (1939). 

The bladder of the cat offers an excellent medium for the study of vascular in- 
nervation because the distended wall is so thin. The dye can be oxidized through- 
out the entire viscus when both the external and internal surfaces are exposed to the 
air. It is reduced to a colorless compound in the absence of oxygen. When proper 
oxidation of the stretched wall is obtained relatively large pieces can be cleared and 
pressed flat upon slides for study with an oil immersion objective of long working 
distance. 

Obviously the best results in tracing nerves will be obtained when continuity of 
structure is preserved. This is difficult with silver stains because nerve fibers are 
interrupted in microtome-cut preparations. Recently King (1939) described a 
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method of oxidizing the vital dye in frozen sections to study nerve endings in cardiac 
muscle. His technique again breaks the sequence of the material. Our method of 
vital staining with methylene blue and the use of “spacial microscopy” permits 
inspection of structures in continuity. 

There are several technical problems in the study of preparations adequately 
stained by this method. On first glance the nerve structures form a perplexing 
tangle. It is possible with practice to recognize their relation to the submucosal, 
muscular and subserosal layers. The greatest meshwork of nerves is found in the 
submucosa, evidently in relation to numerous small and frequently collapsed blood 
vessels. This maze of fibers suggests a nerve net and it has been discussed in a pre- 
vious paper (Langworthy and Murphy, 1939). 

The intensity with which various structures stain differs considerably from one 
preparation to the next. At times muscle and connective tissue take the dye and 
must be properly differentiated from nerves. Circular or spiral connective tissue 
fibers in small blood vessels and capillaries have been mistaken for nerve endings by 
many observers. They appear in a photograph in Krogh’s book on the capillaries 
(1922, p. 70). 

After section of its sympathetic nerve supply, the bladder stains with difficulty. 
When the posterior sacral roots, or the anterior and posterior sacral roots together 
are cut, the vesical wall colors easily but differential staining is poor. There is no 
adequate explanation for these phenomena but it may be related to the caliber of 
the blood vessels. 

We have studied the vascular innervation of the urinary bladder of the cat as it 
occurs normally and after as complete a removal as possible of the sympathetic 
innervation. Several weeks or months were allowed to elapse between the time of 
denervation and examination of the material. In an attempt to interrupt the sym- 
pathetic supply to the bladder all the splanchnic nerves were cut and the abdominal 
sympathetic trunks and ganglia were removed bilaterally from the region of the 
diaphragm to the pelvis. The coeliac ganglia were not disturbed. Although ex- 
tirpation was carried as far caudad as possible, not all the sacral sympathetic chains 
could be removed because of their position beneath friable veins deep in the pelvic 
cul-de-sac. This operation was performed extraperitoneally through a lateral 
incision. After the cat had recovered sufficiently, the abdomen was opened by a 
ventral midline incision and the inferior mesenteric ganglia and hypogastric nerves 
were isolated and removed. All manipulations were performed aseptically under 
nembutal anesthesia. 

Conceivably a procedure of this sort may fail to produce complete interruption of 
the postganglionic fibers in three ways. Nerve fibers following the larger arteries 
may reach the bladder; postganglionic sympathetic cells may lie in the bladder wall 
distal to the hypogastric nerves, or undisturbed fibers from the sacral sympathetic 
ganglia may retain their vesical connections. 

The staining of nerve structures is so uncertain and variable that it is possible to 
speak with confidence only of well impregnated preparations. However, if fibers 
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to one group of structures show good differentiation while those normally seen on 
the blood vessels are absent, significant alteration must have occurred. 


OBSERVATIONS 


1. The arrangement of blood vessels. The large blood vessels enter 
the urinary bladder of the cat along the lateral mesenteries near the 
ureters. Main branches travel upward over the fundus of the bladder 
in the subserous layer. Their distribution has been followed in prep- 
arations injected with india ink and cleared. A characteristic arrange- 
ment of the vessels was found in each of the different layers of the 
bladder wall (Langworthy and Murphy, 1939, figures 1 to 3). The 
large branches lie in the subserosa. In the muscularis, arterioles 
and capillaries run parallel to the smooth muscle cells to form loops 
and festoons. There is a heavy network of small vessels in the sub- 


mucosa. 

2. The innervation of the large blood vessels. The larger blood vessels 
of the bladder wall are accompanied by groups of myelinated and un- 
myelinated nerve fibers (figure 2). Many of these disappear but some 
remain after removal of the sympathetic supply is attempted. It is 


logical to assume that parasympathetic fibers also reach their destina- 
tion by following the vascular bed. 

A nerve plexus can be observed in the adventitia of larger arteries 
(figure 1). It disappeared completely after the postganglionic sym- 
pathetic fibers to the bladder were cut. 

3. Innervation of arteries and veins of small caliber. In a study of 
the relation of nerves to the smaller blood vessels, fibers were ob- 
served ending in small knobs upon vessel walls as shown in figure 3 
and at greater magnification in figure 4. A small blood vessel in the 
submucosa is shown on the left in figure 5. The fibers on the right 
hand side of this figure are related to capillaries. 

The nerves shown in figures 3, 4 and 5 appear unmyelinated and are 
probably a portion of the sympathetic outflow. After removal of the 
abdominal sympathetic trunk and the inferior mesenteric ganglia these 
fibers largely disappeared. A few of them remained on the arteries 
of small caliber. The number of nerves persisting showed considerable 
variation in different preparations due probably to one of the three 
sources of error already suggested. Since the nerve plexus on the 
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larger vessels was lost after operation it is doubtful if the nerves in 
question reach the bladder in this way. Nor is it likely that post- 
ganglionic sympathetic neurones lie in the wall of the bladder. Con- 
sequently, the remaining fibers would seem to arise in the sacral 
sympathetic ganglia which could not be removed with the abdominal 
trunks. 

4. The ending of myelinated fibers upon or close to blood vessels. No 
myelinated fibers have been observed ending on larger arteries or veins. 
They are associated with smaller vessels and present a great variety 
of terminations. [Illustrations of these were given in a previous paper 
(Langworthy and Murphy, 1939, figures 17 and 18). One showed a 
skein of bulbous terminations; the other showed a twisting of the main 
fiber and sprays of end bulbs. The present report gives further ex- 
amples. A rather simple type of bulbous ending is illustrated in fig- 
ures 6, 7 and 8. The termination in figure 8 is somewhat more 
complicated than the other two. 

Connective tissue fibers in the walls of blood vessels may stain so 
deeply that they are confused with true nerve endings. One of these 
fibers is shown in figure 13. Peculiar side branches arise from a 
myelinated nerve in figure 14 and exhibit bulbous terminations upon a 
blood vessel. Such endings have been described by Lapinsky (1905). 
In figure 15 a myelinated fiber gives rise to a group of terminals upon 
the surface of a blood vessel. Another ending of a myelinated fiber 
close to a blood vessel is shown in figure 16. This structure is probably 
encapsulated, although the capsule did not stain. 

Myelinated fibers and their terminations remain undamaged after 
section of the sympathetic supply to the bladder. It is believed that 
they are sensory in type and enter the spinal cord through the posterior 
sacral roots. We have been able to show that they disappear after 
section of these roots. 

Woollard (1926) also observed other encapsulated nerve endings in 
the vicinity of smaller blood vessels. He believed that these were the 
terminations of afferent fibers running with the blood vessels and that 
stimuli from these endings were important in regulating tone in the 
vessel walls. 

We have found similar endings in the submucosa closely related to 
blood vessels. Although the capsule does not stain, it can be made 
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out indistinctly in many cases. Three were illustrated in figures 10, 
15 and 16 of a former paper (Langworthy and Murphy, 1939). In 
figure 16 of the present study we show another termination of this 
type. It will be noticed that the structure of these sensory endings 
shows considerable variation. We have already demonstrated that 
they degenerate after section of the posterior sacral roots. They are 
not altered by interrupting the sympathetic pathways. 

Interest in encapsulated endings and their relationship to blood 
vessels has been increased by the observations of Sheehan (1933). He 
found that the pacinian corpuscle possesses two sources of blood sup- 
ply. One consists of a vascular plexus surrounding the capsule. In 
addition an axial vessel runs as far as the central core and forms 
vascular loops. Pacinian corpuscles may therefore convey stimuli 
resulting from changes in the blood pressure in or around them In 
this way they could act as regulators of vascular tonus and blood pres- 
sure. Excessive stimulation of these endings may give rise to pain. 

5. The innervation of the capillaries. The arrangement of the nerves 
in the submucous layer of the bladder is shown in figures 9, 10 and 
11. It is evident that unmyelinated nerves lie along the walls of 
capillaries; many of these vessels are collapsed. That the nerve pat- 
tern is similar to that of the submucosal vessels, may be seen in illus- 
trations of these structures injected with india ink (Langworthy and 
Murphy, 1939, figure 3). This earlier paper also shows, in figures 11 
and 12, the arrangement of the submucosal nerves. Figure 13 of the 
same report reveals the loss of nerve fibers in the submucosa after 
section of the sympathetic supply; the large cells related to capillaries 
stain as before. 

The relation of nerves to capillaries is shown well in figure 9 of the 
present study, especially the arrangement of nerves around the deeply 
staining cells of the capillary wall. Elsewhere we are confident of 
having seen large bulbous nerve terminations close to and upon the 
surface of these cells. The nerve ending could be recognized because 
it stained more deeply than the cell nucleus. Unfortunately we have 
never been able to photograph this relationship clearly. In figures 
10 and 11, the cells stain a uniformly dark color so that adjacent 
nerves cannot be recognized. 

6. The relationship of nerve cells to the blood vessels. We have never 
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seen nerve cell bodies lying in intimate relationship to arteries, veins 
or capillaries. In addition to ganglia there are scattered nerve cells 
in the bladder wall as shown in figure 12. It is probable that all such 
cells are parasympethetic. After section of the preganglionic para- 
sympathetic fibers to the bladder, the neuropii around these cells 
is lost. 

7. Nerve fibers ending on fat cells. Fat cells in the walls of the blad- 
der show an abundant innervation. Many fine nerve fibers curve 
among and run over the surface of individual cells to terminate in 
fine granules apparently on the outer cell membrane. One of these 
endings is seen on a fat cell in figure 5 of a previous paper (Langworthy 
and Murphy, 1939). This cell was in close approximation to a blood 
vessel. Indeed fat accumulations are common along the course of 
arteries and veins. 

It is difficult to attach functional significance to the innervation of 
fat cells. Woollard (1926) observed myelinated fibers ending not only 
on blood vessels but also on fat cells in the vicinity. He believed that 
these fibers were afferent and had to do with vasomotor control. We 
have not been able to distinguish any such relationship between vas- 
cular and fat cell innervation. We are certain, however, that the 
nerve endings on fat cells persist in abundance after section of the 
sympathetic fibers. This fact tends to support Woollard’s hypothesis. 

8. The cells stained in the walls of arteries, veins and capillaries. 
Certain cells in the walls of arteries, veins and capillaries stain deeply 
by the intravital methylene blue method. Their cytoplasm is gran- 
ular and irregular. Johnson (1925) described their spindle-shaped 
nuclei, Vimtrup (1922) demonstrated them in capillaries, and both 
Krogh (1922) and Vimtrup considered them the contractile element 
in the capillary wall. Vimtrup also disclosed their presence in the 
walls of larger vessels. Woollard (1925) saw them persist after section 
of the sympathetic fibers and degeneration of the nerve plexus in the 
walls of the vessels. In our preparations the cells lie in contact with 
nerve fibers and remain when these fibers disappear after denervation. 
They are shown in figures 9, 10 and 11 of this paper. In figure 12 of 
a previous report (Langworthy and Murphy, 1939) they are pictured 
after degeneration of the nerves. 

There are three theories concerning the function of these cells: (a) 
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that they are contractile elements, (a) that they are neurilemmal 
sheath cells, and (c) that they are intermediate conducting elements 
between smooth muscle and nerves. The third concept was applied 
to the intestine by Keith (1915) who thought he found conduction 
bundles there. However, difficulty of interpretation will always arise 
from the fact that the cells are never well-defined histologically. 


DISCUSSION 


The work of Woollard and later the careful studies of Hinsey (1928 
and 1930), who employed the silver technique, are in agreement as to 
source of vascular innervation. The peripheral motor components are 
composed entirely of postganglionic non-medullated sympathetic 
fibers. The sensory element is apparently made up of fibers whose 
cells of origin lie in the posterior root ganglia. They terminate upon 
blood vessels directly or as associated encapsulated endings of various 
sorts. They also occur in relation to fat cells and connective tissue 
in the vicinity. All these findings are supported by our own ob- 
servations. 

Our methods of denervation, which gave somewhat incomplete re- 
sults, reveal the difficulty in removing all motor fibers to the blood 
vessels of the bladder by interrupting the accessible postganglionic 
sympathetic supply. We have demonstrated an extensive innerva- 
tion of small arteries, veins and especially capillaries in the submucosa 
of the bladder. Woollard (1926) felt that few capillaries have a nerve 
supply. Our studies convince us that their innervation is. much 
greater than others believe. Myelinated nerve endings in our prep- 
arations were usually found not on large arteries and veins or on 
capillaries but in relation to arteries and veins of small size. Because 
these endings show great variability in their structure, Lapinsky (1905) 
attempted to arrange them into five groups. We have recognized and 
pictured all the types mentioned by him but consider any such classi- 
fication of little importance. 


SUMMARY 


The capillaries in the bladder wall show an abundant innervation. 
Indeed most of the nerve net in the submucosa is in close relation to 
capillaries. The endings of unmyelinated fibers are most clearly ob- 
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served on blood vessels of small caliber. A plexus of nerves can be 
seen in the large vessels. These unmyelinated fibers disappeared 
largely though not entirely after our attempt to cut the postganglionic 
sympathetic axones. The section was of necessity somewhat incom- 
plete. It illustrates the great difficulty encountered in completely 
denervating blood vessels. Myelinated fibers give rise to endings of 
various types on the smaller blood vessels and close to these vessels. 
They enter the spinal cord through the posterior sacral roots and are 
sensory in function. They also innervate fat cells in the course of 
vessels and persist after section of the sympathetic fibers. 
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PLATE I 


Fig. 1. One of the larger arteries of the bladder showing the plexus of nerves in 
the adventitial layer (x 160). 

Fig. 2. Nerves along the course of an artery after an attempt to remove the 
sympathetic innervation. No nerve plexus is seen in the vessel wall (x 160). 

Fig. 3. Nerve endings on the wall of a small blood vessel (X< 280). 

Fig. 4. Endings in the wall of the same blood vessel as seen with higher mag- 
nification (< 660). 

Fig. 5. Nerve fibers in the submucosal layer of the bladder. On the left, fibers 
end upon a small blood vessel (X 320). 

Fig. 6. Myelinated nerve fiber terminating on small blood vessel (x 500). 

Fig. 7. Myelinated nerve fiber terminating on small blood vessel (x 500). 

Fig. 8. Myelinated fiber ending upon a small blood vessel (x 500). 
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PLATE II 

Fig. 9. Non-medullated nerve fibers innervating capillaries in the vesical sub- 
mucosa. The relation of the fibers to cells in the capillary walls may be seen 
x 480). 

Fig. 10. Nerves in the walls of collapsed capillaries of the submucosal layer 
(X 530). 

Fig. 11. Nerves in relation to the capillaries of the submucosal layer shown at 
slightly higher magnification (x 700). 

Fig. 12. Scattered ganglion cells in the vesical wall (x 210). 

Fig. 13. Connective tissue cell stained in the wall of a small blood vessel ( x 320). 

Fig. 14. Small side-branches given off at right angles to the main stem of a 


medullated nerve. They end upon a small blood vessel (x 480). 
Fig. 15. Myelinated fiber ending upon a small blood vessel (xX 480). 


Fig. 16. Complicated termination of a myelinated nerve fiber in the vicinity 
of a blood vessel (x 480). 
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THE CORONARY ARTERIES IN RELATION TO SUDDEN 
DEATH DURING ANAESTHESIA 


RICHARD H. FOLLIS, Jr. 
From the Department of Pathology and Bacteriology, The Johns Hopkins University 


Submitted for publication July 12, 1940 


Sudden death during anaesthesia for surgical procedures has fortu- 
nately been arareevent. However, when it has occurred, the surgeon, 
the anaesthetist, and the pathologist frequently have been unable to 
determine the exact cause of exitus. Recently at the Johns Hopkins 
Hospital, there have been three cases of sudden death on the operating 
table when nitrous oxide, oxygen and ether were being administered. 
All three of these patients were colored adult males who were consid- 
ered excellent operative risks at the time. Because of the positive 
findings at autopsy in all of these cases, it was felt that it was worth 
while briefly to record them and to draw attention again to the ex- 
tremely important réle the state of the coronary arterial system may 
play in leading to sudden death during anaesthesia. It is also hoped 
that the findings here recorded may stimulate a careful study of the 
coronary vessels in other cases of sudden death during anaesthesia. 


Case 1 (Unit No. 174498): The patient was a 45-year-old colored male who 
came to the hospital complaining of pain in the pit of his stomach of four days 
duration. There had been no diarrhoea, nausea or vomiting. 

Physical examination revealed an acutely ill, well-nourished and well-developed 
man. Temperature: 100.2°. Examination of the heart and lungs was entirely 
negative. Pulse: 100. Blood pressure 115/70. There was splinting of the 
muscles over the right epigastrium and extreme tenderness to palpation. No 
masses were felt. R.B.C. 4,200,000; W.B.C. 13,500. Blood Wassermann was 
positive, and it was subsequently learned that he had received 10 anti-luetic in- 
jections one year before. It was thought that he had acute cholecystitis and that 
an operation was indicated. Pre-operative medication consisted of morphine 
8 mgm. and atrophine 0.6 mgm. thirty-five minutes before the induction of 
anaesthesia. Nitrous oxide and oxygen were used to induce anaesthesia and then 
the anaesthetist changed to drop ether. At this point the patient took 2 or 3 
rather smothered breaths and then stopped breathing before any incision had 
211 
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been made. The heart continued to beat for 2 minutes. Artificial respiration, 
adrenalin, caffeine and coramine were used to no avail. 

An autopsy (No. 16493) was performed 8 hours after death. On opening the 
abdomen a large mesenteric cyst containing old blood, and an infected retro- 
peritoneal cyst were found. The gall bladder was normal. The lungs were not 
collapsed. The pulmonary artery when opened in situ contained only blood clot. 
The heart was not enlarged, weighing 340 grams, but was dilated. All the valves 
were delicate and competent. The left coronary orifice measured 12 mm. in 
circumference. This coronary artery also measured 12 mm. in circumference 
beyond its point of origin. Its wall showed practically no sclerosis and nowhere 
was its lumen narrowed. The orifice of the right coronary was much smaller 
than that of the left; it measured 3 mm. in circumference. The artery immedi- 
ately beyond measured 6 mm. in circumference so that the circumference of the 
orifice was only about half that of the artery. About this orifice there was some 
intimal thickening but no lesions grossly suggestive of syphilis. However, in 
the arch of the aorta just proximal to the orifice of the innominate artery, there 
was a patch about 12 mm. in greatest diameter, which was reddened and granular, 
resembling organized thrombus. Aside from this the aorta was not remarkable. 

Microscopically, there was proliferation of connective tissue cells in the intima 
about the right coronary orifice and this apparently produced some of the narrow- 
ing. There was nothing microscopically to suggest syphilis. In the arch of the 
aorta there was a curious lesion consisting of thrombus material attached to the 
intimal layer. The media beneath was necrotic. The adventitia was normal. 
This lesion was not entirely characteristic of syphilis. The myocardium showed 
no abnormalities. 


Case 2. (Unit No. 150010): The patient was a 35-year-old colored male who 
had come to the hospital 3 years before the final admission, complaining of severe 
abdominal pain. After an examination, the diagnosis of perforated gastric ulcer 
was made and this was confirmed at operation when the perforation was closed. 
Recovery was uneventful. Soon afterwards he came to the out-patient depart- 
ment complaining of abdominal pain, usually associated with indiscretions in 
eating. Since these episodes became more and more frequent, finally it was de- 
cided to readmit him for another operation. 

Examination of the heart and lungs was negative. Blood pressure 122/82. 
Hgb. 85 per cent. Wassermann negative. Pre-operative medication consisted 
of 0.4 gm. nembutal and 0.6 mgm. atropine. Anaesthesia was induced and car- 
ried on with nitrous oxide and oxygen together with coeliac block when the 
abdominal cavity had been entered. The pyloric end of the stomach was re- 
sected and a gastro-enterostomy was about to be performed when the patient’s 
respirations ceased. Artificial respiration was administered together with in- 
travenous metrazol but no response was noted. It is not known whether the 
pulse or respirations stopped first. 

At autopsy (No. 16845) the heart was found to be dilated, especially the right 
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side; it was normal in size (390 grams). All the valves were delicate and compe- 
tent. The left coronary orifice measured 12 mm. in circumference. The left 
main artery measured 14 mm. in circumference beyond its point of origin, and, 
throughout the course of the descending and circumflex branches, the lumen was 
wide and unobstructed. The right coronary orifice was only 3 mm. in circum- 
ference. The intima seemed slightly thickened and there were a few tiny fatty 
deposits about it. The main right coronary artery measured 7 mm. in circum- 
ference. The aorta was elastic and showed practically no sclerosis. The lung 
bases were somewhat collapsed but it is difficult to judge how much was due to 
collapse when the chest was opened since the trachea was not occluded before 
removing the sternum. 

Microscopically, a section through the orifice of the right coronary showed 
intimal thickening. The myocardium showed no lesions. The posterior wall 
of the left ventricle was especially studied but no scars were found. There was a 
moderate amount of mucus in the large bronchi. 

The remaining tissues were not remarkable. 


Case 3 (Unit No. 167130): The patient was a 43-year-old colored male who 
came to the hospital complaining of cramping abdominal pain, nausea, and 
vomiting, all of 8 hours duration. He also stated that for the last two years 
he had noted pains radiating down the left side of his neck and arm with some 
sense of precordial oppression. There had also been some dyspnoea on exertion 
and transient ankle oedema. Two years before he had been found to have a 
positive Wassermann and had received 5 injections of mapharsen during the past 
6 months. 

Examination disclosed a well developed negro male in no great distress. The 
chest was entirely negative. Blood pressure 160/108. There was rebound 
tenderness over the right lower quadrant. W.B.C. 7,950. 

After observing the patient overnight, it was decided that he had acute ap- 
pendicitis and that an operation was indicated. Pre-operatively, he was given 
morphine 10 mgm. and atropine 0.6 mgm. Anaesthesia was begun with nitrous 
oxide and oxygen; after induction ether was employed. When the abdomen was 
opened the appendix was found to be acutely inflamed. Thirty-five minutes 
after anaesthesia was begun, and 20 minutes after the commencement of the opera- 
tion, the anaesthetist remarked that the patient’s respirations were 3 per minute, 
his pulse 88. Artificial respiration, oxygen and coramine failed to have any 
effect. It is not known whether the heart or the respirations stopped first. 

At autopsy (No. 16847) the heart was found to be a little enlarged (510 grams). 
All the valves were delicate and competent. The left coronary orifice was wide, 
measuring 12 mm. in circumference. The main left coronary just after it was 
given off measured 13 mm. in circumference. After about 1 cm. the anterior 
descending branch became virtually occluded by a sclerotic plaque and this 
extreme narrowing continued for several centimeters. The left circumflex branch 
was delicate and showed no change. The orifice of the right coronary was ex- 
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tremely narrowed (4.5 mm. in circumference) by a syphilitic change, which is 
described below. For approximately 2 cm. the lumen of this artery was wide 
(9.5 mm. in circumference) but close to the posterior septal wall it became nar- 
rowed by sclerosis and at this point was practically occluded. Above the valve 
the aorta was dilated, measuring 8 cm. in circumference. The wall was thick- 
ened and wrinkled in the characteristic syphilitic fashion and this change extended 
down to the mid-thoracic portion. The orifice of the left subclavian artery was 
practically completely occluded by syphilitic scarring. The lower lobe of the left 
lung was collapsed. 

Microscopically, there were a few scars in the myocardium of the left ventricle. 
The sections of the coronary vessels verified the gross observations; these vessels 
were virtually occluded by arteriosclerotic changes. No fresh thrombi were found. 
The aorta showed the characteristic syphilitic change. 


DISCUSSION 


The autopsy findings in 3 cases of sudden death during anaesthesia 
have been briefly reported. In each of the first two cases the orifice 
of the right coronary artery was very small in proportion to the main 
right coronary artery in its proximal portion. In both of these cases 
the intima about the orifice was thickened somewhat. However, 
it is not believed that.this thickening was entirely responsible for 
producing the discrepancy. That the orifices were congenitally small 
in relation to the size of the main coronary arteries is certainly an 
additional factor. Then, too, another important finding was the great 
difference in size between the left and right main coronary arteries. 
In both cases the former vessel was twice the circumference of the 
latter. As far as could be determined the distribution of the right 
artery was normal. That anomalies of these vessels are extremely 
important in leading to sudden death has been brought out in a case 
we have recently observed which is soon to be reported by Wain- 
wright.! In the third case there was extreme coronary obstruction 
caused by arteriosclerosis as well as stenosis of the right coronary 
orifice by syphilis. From the history obtained in this case coronary 
disease should certainly have been suspected. 

It is unfortunate that in only one of these three cases is there any 
definite information as to whether the heart or the respirations ceased 
first. In Case 1, it is stated that the heart continued to beat for 2 
minutes after respirations ceased. We do not know the rate and 


1 Wainwright, C. H.: To be published. 
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intensity or whether the rhythm was regular so that our information 
is meager. 

It seems logical to assume that in these three cases, since no other 
pathological changes were found save those associated with the coro- 
nary arterial system, these changes were responsible for death due to 
heart failure. It seems not unlikely that there was anoxemia of the 
myocardium brought on by diminution in oxygen saturation of the 
t blood because of the nitrous oxide together with the probable insuffi- 
cient coronary flow at the time. This would lead to cardiac insuffic- 
iency which would reflect itself on the respiratory center and in this 
manner respirations would cease. The heart might under these 
circumstances continue to beat, though feebly. 


eR PORE Ree ey) 


SUMMARY 


Three cases of sudden death during nitrous oxide, oxygen and ether 
anaesthesia are presented. In two of them the right coronary orifice 

| was very small and the right coronary artery was only one half the 
circumference of that of the left. In the third case there was extensive 
arteriosclerosis. These cases seem to reemphasize the importance 
of the status of the coronary arterial system in relation to sudden 
death during anaesthesia. 
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PLATE I 


EXPLANATION OF ILLUSTRATIONS 
(Photographs by Mr. Milton Kougl) 


Fic. 1. Case 1. Arrow points to small right coronary orifice. The larger left 
coronary opening is at the extreme left. 

Fic. 2. Case 2. Arrow points to small right coronary opening. The larger 
left coronary orifice is at the extreme left. 

Fic. 3. Case 3. Arrow points to narrowed right coronary orifice. The left 
orifice does not show in the photograph. Ascending arch of aorta shows the 
characteristic syphilitic change. 
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OBSERVATIONS ON THE INEFFECTIVENESS OF ORAL 
ADMINISTRATION OF POTASSIUM CHLORIDE IN 
VARIOUS FORMS OF ALLERGY 


FRANK F. FURSTENBERG, M.D., anp LESLIE N. GAY, M.D. 
From the Protein Clinic, Department of Medicine, The Johns Hopkins Medical School and 
Hospital 


Submitted for publication June 17, 1940 


The use of potassuim chloride in allergy was brought to the attention 
of the medical profession by Benson Bloom (1-2) in the year 1938. 
He treated 146 patients suffering with diverse allergic phenomena with 
potassium chloride, using from 15 to 60 grains a day, and obtained ex- 
cellent results. His report on the use of this salt in the treatment of 
simple hay fever is remarkable: 48 out of a group of 52 patients showed 
improvement. Poor results were recorded only in the treatment of 
chronic asthma, in migraine and chronic eczema. 

Bloom postulates a fundamental electolyte disturbance in allergy, 
and believes that small doses of potassium correct the imbalance in 
many, or most allergic conditions. He gives credit to Rusk and Kena- 
more (3) who, in 1938, were the first to use potassium in allergy, and 
who have also reported the successful use of a low-sodium, acid-ash 
diet with added potassium chloride in the treatment of 6 cases of 
chronia urticaria. More recently, Rusk and his co-workers (4) pre- 
sented evidence showing an increase in the serum potassium in both 
urticaria and asthma, and indicated that the blood potassium falls to 
a normal level with clinical improvement. Stoesser and Cook (5, 6) 
also have presented data which show the intimate relationship of 
potassium, sodium, and water metabolism to the asthmatic paroxysm. 
Drastic sodium depletion favored reduction of the asthmatic symptoms 
in the controlled observations of these authors. 

Bloom’s successful results have been confirmed by Abt (7), who 
treated 27 patients, chiefly children suffering with hay fever, pollen 
asthma, allergic rhinitis, and sinusitis, with very small doses of potas- 
sium chloride, often less than 15 grains a day, and obtained dramatic 
219 
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relief in most of the patients. There are no other confirmatory reports 
of Bloom’s clinical results in the literature. On the other hand, 
A. E. Cohen (8), in an attempt to confirm Rusk’s observations, treated 
8 cases of chronic urticaria with 60 to 80 grains of potassium chloride 
and met with complete failure. Recently, Englisher (9) cautioned 
against premature enthusiasm and stated that his results, in a series 
of cases, were poor. Bloom, (10) then expressed the opinion that his 
enthusiastic preliminary reports have been somewhat tempered by the 


TABLE 1 
Tabulation of allergic manifestations treated with potassium chloride 





AVERAGE 
RESULTS 
| nwomper | AVERAGE | poration 


OF CASES | ean OF TREAT- 





Slight | Good 





grains 
Hay fever—untreated* 27 33 \ 20 3 
Hay fever—pre-seasonally 
23 33 , 17 
17 39 [ 14 

3 38 y 3 


6 52 


6 
4 35 . 4 
5 29 : 4 











85 | 68 9 

















* Patients with grass hay fever began their treatment with KCl May 15th to June 9th. 
Patients with ragweed hay fever began their treatment with KCl August 19th to 
September 28th. 

1See Case 1. 

2 See Case 3. 


contradictory evidence offered by other observers. Harley’s (11) 
recent report from England concerning 43 allergic cases—hay fever, 
allergic rhinitis, asthma, urticaria, and eczema—treated with 15 grains 
of potassium chloride daily, showed the drug to be ineffective in this 
dosage. Discussion at the December, 1939 meeting of The Society for 
the Study of Asthma and Allied Conditions (12) indicated that potassium 
chloride, in the hands of Allergists, has been of no special value. 
The remarkable reports of Bloom and Abt have prompted immedi- 
ate and widespread use of potassium chloride. If Bloom’s work could 
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be confirmed and if the symptoms and manifestations of allergic dis- 
turbances could be relieved by the simple oral administration of potas- 
sium chloride, it would be an epoch-making advance in our therapeutic 
approach to allergic problems. It is well known that the severity of 
allergic symptoms, particularly those due to pollen, varies in different 
localities, and scattered regional reports of the results of potassium 
therapy in pollen allergy are required before a decisive answer as to 
its value can be given. 

In the clinic of The Johns Hopkins Hospital, we became interested in 
testing this method of treatment after Bloom’s original publication in 
December, 1938, and since then we have observed the effect of potas- 
sium chloride administered to a group of 85 patients manifesting 
allergic symptoms (Table I). Of this number, 50 patients complained 
of pollen hay fever (27 of these consulted us during the hay fever 
season because of symptons for which they had received no previous 
treatment, and 23 of these consulted us because of severe symptoms 
during the hay fever season despite the use of pre-seasonal treatment 
with pollen extract); 17 patients had perennial allergic rhinitis; 3 pa- 
tients had rhinitis due to physical or functional factors; 6 patients 
suffered with chronic angioneurotic edema and urticaria; 4 patients 
had eczema; and 5 patients complained of asthma. 

The mode of administration of potassium chloride has varied— 
tablet, powder, capsule, and liquid. Therapeutic results have not 
been affected by the mode of administration, but epigastric pain which 
was reported by Bloom, has also occurred in several of our patients 
when the salt prescribed in tablet form had not been diluted with water 
at the time of ingestion. The salt was given in daily doses of from 
15 to 80 grains. Most patients received the medication for one week, 
and a few for as long as one month. 


DISCUSSION 


As the table indicates, our results were almost uniformly poor, irre- 
spective of the type of allergic disorder observed. If potassium chlo- 
ride is an effective therapeutic agent in allergic diseases, it should 
show to best advantage in the treatment of hay fever patients who 
have come under observation for the first time while they are suffering 
acute symptoms during the pollen season. Our observation show its 
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failure in this group, A few patients who thought they were more 
comfortable after taking potassium chloride derived equal comfort, 
when, unknown to them, sucrose was substituted (Case 1). Several 
grass hay fever patients improved concomitantly with the drop in the 
atmospheric pollen count, and a group of controls, treated with hypo- 
dermic placeboes, also experienced relief of symptoms at the time. 

Potassium chloride was, likewise, of no benefit to those patients 
who developed severe symptoms of hay fever in spite of pre-seasonal 
treatment with pollen extracts in the amount usually considered ef- 
fective in this locality (Case 2). Similarly, few of those patients pre- 
senting perennial allergic rhinitis showed substantial improvement. 
In two instances, when slight improvement was noted, psychothera- 
peutic factors or spontaneous changes in the natural course of the 
disturbance may have been responsible for the improvement (Case 3). 
None of the patients with physical rhinitis, angioneurotic edema, 
urticaria, or eczema derived benefit from potassium chloride. 

It is noteworthy that 6 patients—4 treated co-seasonally with potas- 
sium chloride, 2 treated pre-seasonally with pollen extract and then 
given potassium chloride—developed asthma during the period of 
potassium medication (Case 4). 

Bloom has emphasized that potassium chloride is not efficacious in 
the treatment of asthma, but may even make the patient worse. We, 
too, observed several patients with asthma, who became worse when 
taking potassium chloride, but only when all other medication had 
been withheld. Harley (11) also noted this. Those patients who 
continued to receive the usual anti-spasmodic drugs in addition to 
potassium chloride apparently did not become worse. 


COMMENT 


It is not the intention of this report to evaluate the papers of Cook 
and Stoesser (5, 6, 14), Sheldon (13), and Rusk and his co-workers 
(4) on water metabolism and sodium and potassium as electrolytes, 
in relation to asthma and urticaria. These papers have opened a 
new and fruitful avenue to the study and understanding of allergic 
diseases. However, on the basis of the results presented, it is our 
opinion that the oral administration of potassium chloride in doses of 
15 to 80 grains a day has not proven of value in the treatment of 
allergic diseases. 
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SUMMARY 


Potassium chloride was administered orally in doses of 15 to 80 
grains a day, to 85 allergic patients. The patients included 50 with 
hay-fever, 17 with perennial allergic rhinitis, and the remainder were 
patients with rhinitis, due to physical causes, angioneurotic edema, 
urticaria, eczema, and bronchial asthma. No appreciable therapeutic 
benefit was obtained. 


APPENDIX 


Case 1. A. M. has typical grass hay fever. She came to The Johns Hopkins 
Hospital Allergy Clinic for the first time May 26, 1939. She was given 40 grains 
a day of potassium chloride in capsule form. No improvement was observed until 
June 8, when there was a drop in the pollen count. Sucrose, substituted for the 
potassium chloride at this time, gave equal relief. Control patients receiving 
hypodermic placeboes, also experienced relief at this time. 

Case 2. E. S. has had ragweed hay fever for several years and experienced 
moderate improvement with treatment. In 1939, he received a maximum dose 
of 7,500 Protein Units prior to the season and despite this, developed severe hay 
fever. On September 12, 1939, he was given 10 grains of potassium chloride every 
4hours. Severe symptoms continued, unabated until the last week in September. 

Case 3. H. K. is a 7 year old child with pollen hay fever and perennial allergic 
thinitis. When given 5 grains of potassium chloride every 4 hours in liquid form 
in late October, 1939, she showed improvement, but later in November relapsed 
and did not improve despite continued potassium medication until wheat was 
removed from the diet. 

Case 4. W. W. has severe ragweed hay fever. He was untreated in 1939 and on 
August 28 was given 10 grains of potassium chloride every 4 hours in capsule form. 
The hay fever did not improve and he developed asthma on September 6, at which 
time potassium chloride was discontinued. Symptomatic treatment, combined 
with subcutaneous pollen extract, gave good results. 
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(These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of this Journal.) 


Cancer. By R. J. BewAN. 844 pp. L[llus. $10.00. C. V. Mosby Company, 
St. Louis, 1938. 

In the present state of knowledge concerning cancer it is more than desirable 
that some comprehensive and critical review of the subject should be attempted. 
When a single person discusses such a large subject there is the advantage of a 
unified outlook but there may be a tendency for the critical sense to be over- 
balanced by the plethora of material. A monumental work of the type of this 
volume of Behan’s need not necessarily be lacking in discrimination but such is 
the case. 

There has been a tremendous quantity of literature covered in the preparation. 
References are full and complete. Much of the history of the development of 
present ideas concerning cancer is reviewed, but one also sees seriously discussed 
the relation of a single trauma to cancer, diagnostic tests for cancer, blood changes 
in cancer-bearing patients and many other subjects which have justifiably disap- 
peared from serious scientific literature. Mistakes are common, such as “Vitamin 
A, a yellow vegetable pigment is called carotin” (p. 593). Omissions are as fre- 
quent, the contributions of Sir Robert Muir to the understanding of Paget’s 
Disease are dismissed with a single reference. Many debatable questions are 
accepted and stated as proven. 

It seems that the individual subjects referred to and discussed—tissue culture, 
cell physiology, the pathology of certain tumors, etc.—could best be handled by 
specialists in the several fields. Behan in closing the volume says, regarding 
treatment, “All therapy in moderation, not any in excess.”” One might substitute 
“literature” for “therapy,” for this volume adds nothing beyond bulk to the al- 
ready overburdened literature on cancer. 

J. F. A. McM. 


Manual of Dermatology. By Carrott S. Wricut. 376 pp. Lllus. $4.00. 
The Blakiston Company, Philadelphia, 1940. 

This manual is based on the formerly popular compend (ninth edition), Diseases 
of the Skin, published in 1934 by the author in collaboration with Dr. Jay F. 
Schamberg. The present volume represents an up-to-date veritable small text 
on skin diseases. The division of the various dermatoses on the basis, as far 
as is possible, of etiology is commendable. The author could very well have 
extended this type of classification to include the eruptions produced by external 
irritant or antigenic agents and perhaps also those produced by various ingestants 
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and inhalants. He chose rather to include such data under the morphologic 
division entitled, “Dermatitis and Eczema.” There is a chapter on syphilis 
which brings up to date the most recent information on the therapeutics of this 
disease. The discussion of the common diseases of the skin is clear and includes 
excellent treatment formulas. Of greatest value and that which should recom. 
mend this book to every type of reader, medical student, practitioner, prospective 
examinee and, therefore, even to the dermatologist, are the thorough and com- 
plete outlines of differential diagnosis by means of the method of parallel columns 
and also rather good illustrations. It would not be amiss to draw attention tothe 
numerous typographical errors scattered through the text but fortunately its 
good qualities are not spoiled by this. 
M. H. G. 


Synopsis of Pediatrics. By Jonn Zanorsky assisted by T. S. ZAHorsKyY. 3rd ed. 
430 pp. Illus. $4.00. C. V. Mosby Company, St. Louis, 1939. 

The new third edition of Zahorsky’s book contains a large amount of informa- 
tion about the growth, development and diseases of children. The book is small, 
easy to handle, well printed and illustrated, and the articles are short yet complete 
enough to be useful to the student beginning his study of pediatrics as well as to 
practitioners and nurses. The illustrations are unusually good. One gets the 
impression that the authors have set down in the book a great deal of their personal 
experience as well as a summary of existing opinion. Hence, one might disagree 
with many details while feeling that on the whole the book is a very useful sum- 
mary of the present knowledge of pediatrics. 

ce 


The Scientist in Action. A scientific study of his methods. By Wr.ttam H. 
GrorGE. 354 pp. $3.00. Emerson Books, Inc., New York, 1938. 

This interesting book is written with a simplicity and clarity that will permit 
those who are not engaged in scientific investigation to gain some insight into the 
mental processes and methods of the scientist in action. Investigators will be 
familiar with most of the ideas expressed, but they may read the book with the 
pleasure of fresh recognition. 

Many workers in the biological sciences will be interested that the author, 
himself a physicist, rejects the familiar proposition that “science is based upon 
measurement.”’ It has for some time been fashionable to believe that no observa- 
tion, biological or otherwise, is really scientific until it has been expressed in 
terms of measurement. This view emanated, of course, from the non-biological 
sciences, and it entered the field of biology as a camp-follower of the important 
invasion of physics and chemistry into that field. Many biologists, less mathe- 
matically-intoxicated than their physicist colleagues, have doggedly refused to 
succumb to the blandishments of the view that measurement is the ultimate 
criterion of scientific value, and they have consequently been regarded as back- 
ward and outmoded. To them, it may be gratifying that at last even mathe- 
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matical physicists have been forced to the realization of the existence of 
non-metrical scientific values in their own field. ‘Even in physics, where measure- 
ment plays so large a part,” writes Dr. George, “the new wave mechanics is found 
necessary to deal with facts which cannot be explained in terms of measurable 
quantity alone . . . It is becoming apparent that the metrical aspects alone of all 
subjects cannot express all of the things in which scientists, as such, are inter- 
ested... . The metric rule is no longer the physicist’s magic wand, alone capable 
of dealing with all problems in physics.” 

The reviewer would suggest that, in future editions, the experiment which 
Dr. George made on the students in his course on scientific method (P. 150) might, 
with propriety, be placed in chapter XV, which deals with “examples of the 
neglect of control experiments.” This experiment was carried out with the 
purpose of determining whether differences are perceived more readily than 
similarities, but an examination of the pairs of objects used by Dr. George in his 
test will show that in each case there were far more differences between them than 
similarities. This experiment, in which an experienced scientist and deep student 
of scientific method overlooks the provision of a control, may at least be useful in 
warning the beginner of the indefatigable watch that must be kept throughout his 
life of work in order to ensure the adequate control of the experiments that he 
undertakes. 

A. R. R. 
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Within recent years the bacteriological definition of lobar pneu- 
monia has become very much more exact through the identification 
of the higher types of pneumococci. Bronchopneumonia, however, 
has not been the subject of such intensive study, and remains much 
less well defined. In text books of medicine it is usually divided into 
primary and secondary varieties. Secondary bronchopneumonia is a 
fairly frequent complication of surgical operations; it occurs in the 
course of acute illnesses of various kinds, in cardiac failure and other 
types of chronic disease, and as a terminal event in many fatal ill- 
nesses. It is generally believed to be due to infection of the lungs by 
pathogenic bacteria, present in the upper respiratory tract, as a result 
of lowering of resistance, general debility, aspiration, etc. Indeed 
this would seem in all probability true, for histological examination 
of the lungs in cases of secondary bronchopneumonia almost always 
reveals organisms resembling pneumococci or streptococci. More- 
over these secondary pneumonias are often favorably influenced by 
the newly introduced chemotherapeutic agents which are known to be 
active against these bacteria. In regard to primary bronchopneu- 
monia, the usual text book description lays emphasis on the fact that 
this is essentially a disease of infants, in which case it is usually pneu- 
mococcal in origin. In adults primary bronchopneumonia is stated 
to be rare, except when of the influenzal type as seen in pandemics, 
or of the streptococcal variety which is also epidemic in character as a 


’ Part of the material upon which this article has been based was presented by 
Dr. A. R. Dochez at the Fiftieth Anniversary Celebration of The Johns Hopkins 
Hospital, May 6, 1939. 
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rule. Infrequent cases of primary pneumonia due to staphylococcus, 
H. influenzae, and a few other organisms are also described. A re- 
view of case histories of bronchopneumonia at this hospital between 
1922 and 1938 substantiates the impression that bronchopneumonia as 
a primary disease of young adults was a very rare phenomenon during 
that period; so rare, in fact, that a case so presenting itself was usually 
suspected of having tuberculosis unless some other cause were ap- 
parent. 

At the beginning of 1938, however, our attention at the Presby- 
terian Hospital was attracted toward an increasing number of cases 
of primary bronchopneumonia to which no specific etiology could be 
ascribed, and which did not fall into any of the familiar clinical class- 
ifications. Broadly speaking these pneumonias were characterized 
by a rather insidious onset simulating grippe, a comparatively normal 
white blood cell count at least in the early stages, and the absence 
of pathogenic bacteria in the sputum. Moreover some of the cases 
tended to run a rather prolonged course, and in a few of them exceed- 
ingly strange clinical manifestations were observed. As time went 
on, more and more evidence was accumulated that this primary bron- 
chopneumonia was a communicable disease, and reports from physi- 
cians practicing outside the hospital tended to confirm our impression 
that something in the nature of an epidemic was in progress. In view 
of the fact that primary bonchopneumonia in young adults, as we have 
pointed out, is a rarity, the belief gained currency that we were being 
confronted with a new disease entity. 

A review of the literature, on the other hand, indicates that during 
the last seven years a growing number of reports have appeared on 
the subject of pulmonary disease of undetermined etiology. Teschen- 
dorf (1), for example, in 1933 discussed the differential diagnosis of 
the pulmonary infiltrations, which he observed during the study of 
cases of what was termed influenza, and pulmonary tuberculosis. 
More recently Ramsey and Scadding (2) described benign bron- 
chopulmonary inflammations associated with transient radiographic 
shadows. Similar findings were reported by Gill (3). Such observa- 
tions as these indicate the beginning recognition of low-grade pulmo- 
nary infections simulating tuberculosis in which, however, the sputum 
was negative and complete clearing of the lesion took place after a 
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relatively short period of time. Of a slightly different character are 
reports from various sections of the world such as France (4), New 
England (5), Spain (6), and Hawaii (7) of grippe-like epidemics in which 
a transitory pneumonitis was observed. Then come descriptions such 
as that of Allen (8) in 1936, Smiley (9), Miller (10), and Maxfield (11), 
in 1939, of epidemics of pneumonia in which the leukocyte count was 
low, there was no characteristic bacteriology of the sputum, and all 
cases ended in recovery after a febrile illness of one to two weeks, ex- 
cept for a few prolonged cases of Smiley, one of which lasted 76 days. 
In 1938 Reimann (12) reported eight cases of severe atypical pneu- 
monia, two of which ended fatally, and indicated some early experi- 
mental results pointing to the recovery of a filtrable virus from the 
nasopharyngeal secretions. Further data on the subject of this agent 
were published by Stokes (13). After isolation from a ferret he suc- 
ceeded in transferring it by intracerebral and intranasal inoculation 
through a few successive passages in mice and guinea pigs; unfortu- 
nately the agent then apparently became inactive and was lost. As 
far as we can determine, no further evidence of a virus etiology of 
atypical pneumonia has yet been published, although a number of 
attempts to recover virus have been made. Inasmuch as ferrets have 
been widely used in these experiments, it may be presumed that in- 
fluenza virus is definitely not present in this disease. 

The purpose of this paper is to describe the clinical features of atyp- 
ical bronchopneumonia as we have seen it in the Presbyterian Hospital 
in the last two years, and to indicate such deductions on the nature of 
the disease as the material warrants. The material consists of fifty- 
two cases with one death. More than this number of cases were ac- 
tually observed, but in those available for analysis the data were only 
considered to be adequate in the fifty-two which are presented below. 


GENERAL CLINICAL FEATURES 


It is difficult to describe the clinical features of a group of cases 
which vary as much as these do, particularly when one is by no means 
certain that one is describing a single disease entity. It is possible to 
begin, however, by mentioning certain qualities which they all pos- 
sessed in common, and then attempt later on to subdivide the cases 
into certain clinical groups. In the first place most of the cases, 
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though by no means all, have occurred in young adults. In the second 
place, the leukocyte count early in the disease was almost invariably 
around 10,000 with a normal or slightly increased polymorphonuclear 
percentage. A moderate leukopenia was seen in some cases. Lastly, 
the sputum contained the usual basal flora such as non-hemolytic 
streptococci, staphylococcus albus and aureus, gram-negative cocci, 
etc. Hemolytic streptococci were noted very infrequently, and then 
in small number. Haemophilus influenzae was also very inconspicu- 
ous. Ina few cases one of the higher types of pneumococci was found. 
Such pneumococci usually disappeared from the sputum, often as a 
result of chemotherapy, but the disease continued to run its course. 
Incidently it may be remarked here that these cases are uninfluenced 
by sulfapyridine therapy, and that the drug appears to have little, if 
any, antipyretic effect. So much for the general characteristics shown 
by all cases. 

Group I might be designated as rather mild bronchopneumonias with 
a grippe-like onset. Patients as a rule gave a history of symptoms of 
2 to 5 days duration before entry. The onset was characterized by 
by generalized malaise, fever, and dry cough. A shaking chill at the 
onset was exceedingly uncommon, as were pleuritic pain and rusty spu- 
tum. The admission temperature would be from 102° to 104°F., and 
the patient would appear only moderately prostrated. The respi- 
rations were not greatly accelerated, and the pulse was often rather 
slow in comparison to the height of the fever. Cyanosis was not pres- 
ent, and the physical signs in the chest usually consisted of slight im- 
pairment in resonance, limited to a small area in the mid- or lowe:-lung 
field on one side, with some suppression of breath sounds, and moisture. 
Herpes labialis was extremely uncommon. The most troublesome 
symptom, asarule, was cough. Such patients never gave the impres- 
sion of being very ill, and they recovered after a febrile course lasting 
about ten days. Of our 52 patients, 29 fell into this group. 

Group 2 comprised 17 cases in which the disease was: very much 
more severe. After an onset similar to that described in the milder 
cases, the condition took a more unfavorable course. The patients 
were obviously sicker, cyanosis was quite deep, aad there was marked 
tachycardia. In these cases the pneumonia was usually bilateral, and 
it showed a distinct tendency to migrate, so that in some cases the 
entire lung fields were involved at some time or other. The course was 
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longer than in the milder cases, in extreme instances lasting several 
months. Certain peculiarities of these severe cases are worthy of men- 
tion; in addition to the long, drawn-out, migratory character of the 
pneumonia, a number of individuals had one or more relapses, some- 
times occurring after convalescence seemed well on its way. Another 
feature of some of the severe cases was obstructed breathing, asthmatic 
in character, occasionally resulting in areas of atelectasis. These in- 
dividuals gave the picture of extreme pulmonary insufficiency, and 
were cyanotic even in high concentrations of oxygen. Some required 
frequent inhalations of adrenalin and ephedrine in the nebulized state, 
and even, in one or two instances, the use of helium-oxygen mixtures 
under positive pressure. The condition of several of these patients 
was truly alarming, and it was our impression that without the thera- 
peutic measures mentioned above they would not have survived. In 
certain of these long drawn-out cases the clinical course was punctu- 
ated with frequent shaking chills. There was also in these individuals 
a tendency for the leukocyte count to rise as time went on, and in two 
individuals it reached a level of about 50,000. 

The third group was composed of six individuals in whom the clinical 
picture of a severe and prolonged bronchopneumonia was complicated 
by a variety of phenomena suggesting that tissues other than the pul- 
monary alone were involved. Among these phenomena were migra- 
tory polyarthritis, erythematous skin eruptions, slight enlargement of 
the spleen and lymph glands, jaundice, gross hematuria, fibrinous peri- 
carditis, and encephalitis. All six happened to be females, and as 
these perplexing clinical panoramas unfolded themselves the notion 
kept recurring that there must be an associated element of diffuse 
vascular disease of the type seen in disseminated lupus or periarter- 
itis nodosa. 

The prognosis would appear to be excellent. All of these pa- 
tients save one ultimately made a complete recovery, although there 
were times when some of them seemed moribund. 


COMMUNICABILITY AND INCUBATION PERIOD 


Certain cases in our series present. highly suggestive evidence of 
these two points, so much so that all of them will be briefly summarized, 
as the subject is obviously an important one. 
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1. In August 1938, a woman of 35, R. G., was admitted to Presbyterian Hos- 
pital with an atypical pneumonia. This case ultimately turned out to be one of 
the strangest and most complicated in our series, and the total duration of the 
illness was more than three months. This case is presented in detail below (Case 
8). It is our purpose here to summarize the events of epidemiological interest 
which led up to it. R. G.’s brother lived in Maine; on July 11, Mrs. I. arrived 
there for a visit; she was ill on arrival and for ten days thereafter, with what the 
local physician diagnosed as bronchopneumonia. On July 27, R. G.’s sister-in- 
law, who lived in the house, became ill with a bronchopneumonia which lasted a 
little over a week. At about the same time her two children were also taken with 
a mild bronchopneumonia. On August 10, the local physician, who cared for 
these patients, had an attack of pneumonia. None of these cases was terribly 
severe. On August 14, however, Mrs. H., another house guest, who had taken 
her leave on July 30, came down with a very severe attack of pneumonia. She 
was treated in a hospital in Brookline, Mass. The sputum did not contain 
pneumococci, the predominating organism being streptococcus viridans. She 
was seriously ill for quite a long period of time and required oxygen therapy; her 
life, in fact, at one point was despaired of, but eventual recovery was completed. 
Our patient, R. G. visited her brother’s home where these illnesses were taking 
place from July 31 to August 6. On August 23 she was taken ill, and there ensued 
the extraordinary series of clinical events to be described later on. 

As has been stated, R. G. was ill at home for 6 days before admission to the 
hospital. During this period of time she was looked after by her mother; on 
September 12, 20 days after the onset of R. G.’s pneumonia, her mother came down 
with a bronchopneumonia. She was cared for at home. Her disease consisted of 
a fairly extensive bilateral pneumonia, lasting altogether about 7 weeks. The 
leukocyte count shortly after onset was 7,700, with 76 per cent of polymorpho- 
nuclears. No pathogenic organisms could be recovered from the sputum. While 
the illness was a prolonged one, the patient never appeared very gravely ill, the 
temperature seldom rose above 101°, and the whole illness was simple broncho- 
pneumonia, uncomplicated by the very strange phenomena manifested by her 
daughter. 


The importance of these facts is two-fold. First they present strong 
evidence that these individuals communicated bronchopneumonia one 
to another, and that the incubation period was between two and three 
weeks. Secondly, one is inclined to believe that the maximally severe 
and complicated cases of bronchopneumonia are the work of the same 
etiological agent which produces the mild cases. 


2. On November 7, 1938, a 22 year old man entered with a five day history of 
fever, chilly sensations and cough. Rales were noted near the right hilus, and a 
number of small shadows of pneumonic consolidation were seen by X-ray in this 
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region. No typing could be obtained from the sputum by the Neufeld Method, 
although Pneumococcus xix was recovered from an inoculated mouse. The tem- 
perature fell from 102° to normal in 48 hours, and he recovered rapidly. The 
leukocyte count was 11,550 with 59 per cent polymorphonuclears. The clinical 
picture was not that of a pneumococcus pneumonia. On November 27, the 
patient’s brother, aged 20, with whom he lived, was taken ill with cough, fever, 
muscle pains and headache. Four days later he was admitted to the hospital with 
a bronchopneumonia. No pathogenic organisms could be recovered from the 
sputum. The leukocyte count on admission was 12,450. He was quite ill for 5 
days, with fever around 104°, and then recovered. 


3. The following brief summary relates to a sequence of cases of atypical bron- 
chopneumonia occurring amongst the resident staff of the Presbyterian Hospital: 
Dr. A. was admitted on November 20, 1938 and was very seriously ill for a period 
of six weeks. His case will be reported in detail below. Dr. B., who had been in 
close contact with Dr. A., came down with a somewhat simiiar, though less severe, 
pneumonia on December 15. Dr. C., who took care of Dr. B., was seized with a 
less severe, but quite similar, bronchopneumonia on January 4, 1939. Dr. D., 
who had attended Dr. A. on December 25, the day of his acute chill and relapse, 
fell sick on January 10, and was critically ill for several weeks; his case is reported 
in greater detail below. Dr. E., who looked after Dr. D., came down with the 
disease on February 5. 


All these 5 cases presented a bronchopneumonia, the leukocytes were 
not elevated at the onset, and there was no evident bacterial etiology. 
In two instances sulfapyridine was tried without effect. Two of the 
fives pneumonias were extensive, migratory, and characterized by ob- 
structed breathing with intense cyanosis. 

The intervals between the cases in this series was 16-25 days. No 
absolute conclusions can be drawn as to the communication from one 
to another, since all these individuals were working in a hospital at 
the time and thus subject to contact with other cases of this disease. 


4. In April 1939, a 13 year old boy was admitted to the hospital with a “typical” 
attack of atypical pneumonia, rather mild in character. Two and a half weeks 
later his sister, aged 14, was admitted with a rather low-grade, bilateral, lower 
lobe bronchopneumonia, which was slow to clear. At no time was she very ill. 
Sputum examination showed no typing by the Neufeld method. From the nose 
Pneumococcus xii was recovered. The admission leukocyte count was 7,920, 
with 72 per cent polymorphonuclears. 


5. On September 20, 1939, a young man of 22 years was admitted to the hospital 
with another “typical” attack of atypical bronchopneumonia. He was fairly ill 
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on admission, with a temperature of 104° and a leukocyte count of 9,000 with 67 
per cent polymorphonuclears. No pathogenic organisms were recovered from the 
sputum. He had a patchy consolidation of the right lower lobe, and his febrile 
course in the hospital lasted two weeks. 

The onset of his fever and malaise had been on September 29th, although he 
had symptoms of a head cold for ten days before this. On the 13th of October 
his mother, who had cared for him at home, came down with a disease character- 
ized by bronchopneumonia, a normal leukocyte count, and normal bacterial flora 
of the sputum. She was treated at another hospital; her disease was more pro- 
longed than that of her son and she had a relapse, at which time one of the higher 
types of pneumococci was recovered from the sputum. 


6. In October 1939 a 47-year-old trained nurse was admitted to Presbyterian 
Hospital with a mild attack of atypical bronchopneumonia. The onset of this 
took place two and one-half weeks after she had been assigned to night duty ona 
patient with a more severe atypical pneumonia, who was being cared for outside 
the hospital by one of the physicians on the staff. 


7. On November 4, 1939, a 24-year-old man entered Harkness Pavilion with 
pneumonia of one week’s duration. During this period of time his wife had nursed 
him at home. The sputum was negative for pathogenic organisms, and the white 
blood count was low. After a fairly severe illness, during which the pneumonia 
extended until it involved about two-thirds of the right lung, this patient finally 
recovered and was discharged five and a half weeks after the onset of his disease. 
Three weeks after her husband was taken ill the wife developed cough, generalized 
aching pains, and fever. Her disease consisted of a very extensive migratory 
bronchopneumonia, lasting three weeks; the white count was low throughout, and 
no pathogenic bacteria were recovered from the sputum. Clinically it was char- 
acterized by a rather low degree of fever, except for two spikes, and marked cyano- 
sis, requiring oxygen for partial relief. This patient recovered, and was discharged 
at the end of five weeks. Interestingly enough her recovery coincided with the 
administration of a blood transfusion from her husband, who at that time was 
convalescent. 


The foregoing series of citations afford evidence (1) that the disease 
is communicable, (2) that the incubation period is quite long, being 
two to three and a half weeks, and (3) that mild, severe, and compli- 
cated cases may arise in the same sequence. 


ANALYSIS OF DATA ON 52 CASES 


Seasonal Incidence: The period covered in this study is the years 
1938 and 1939. More than half the cases, twenty-eight to be exact, 
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were admitted during the six-month period from August, 1938 through 
January, 1939. The remaining cases were fairly evenly distributed 
through the balance of the period. 

Sex: Exactly 50 per cent of the cases belonged to each sex. 

Color: Six out of the 44 ward patients in this series were negroes. 
This is roughly the expected ratio. 

Type of Patient: Usually healthy young adult. Chronic disease 
not a predisposing factor. 

Age: The average age for the whole series was 313 years. Only 10 
patients were over 40 years of age, which adds additional emphasis to 
the fact that it was primarily a disease of young adults. 

Communicability: Suggested by the foregoing citation of cases, but 
not very great in most instances. 

Incubation period: Two to three and one-half weeks. 

Onset: Like that of an upper respiratory infection. Rarely violent. 
Shaking chill at onset uncommon. Chills later in some cases. 

Symptoms: General malaise (but severe aching pains in extremities 
not a striking feature). Headache. Prostration. Hacking cough. 
Discomfort in chest common; real pleuritic pain rare. 

Time of arrival in hospital: Usually about the fourth day. 

Temperature on admission: 102°-104°F. 

Leukocyte count on admission: Average 10,700 with a moderate poly- 
morphonucleosis. Only 10 cases showed more than 12,000, and most 
of these were first seen rather late. White blood count often rose 
later on in the disease. 

Erythrocyte sedimentation rate: Elevated. Very high in prolonged 
cases. 

Physical signs in the lungs: Signs of incomplete consolidation cor- 
responding to the X-ray findings. Well developed tubular breathing 
rare; even in cases with extensive involvement by X-ray. 

X-ray findings: Not pathognomonic. Shadows usually patchy, 
often somewhat confluent. 

Character of the pneumonia: Patchy. Bilateral in most of the severe 
cases. Often migratory. 

Sputum: Rarely rusty. Often slightly blood-streaked. Often 
rather scanty. Streptococcus viridans usually the predominant or- 
ganism. Pneumococci of higher types occasionally recovered from 
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the mouse, rarely by the Neufeld method. Such pneumococci tended 
to be inconstant. 

Pulse rate: Often rather slow in milder cases. Tachycardia in se- 
vere cases. 

Herpes: Uncommon. 

Cyanosis: Very intense in severe cases, particularly those with ob- 
structed breathing. 

Vomiting: Not a feature. 

Distention: Not a feature. 

Pleura: Friction rub rare. Occasional sterile effusion. 

Heart: Not affected, except for cor pulmonale in a very few cases, 
and pericarditis in one. 

Kidneys: At most a ++ albuminuria at height of fever. Usually 
+ only. Renal function normal. Gross hematuria in one case. 

Central nervous system: Involved in one case (meningism, coma). 

Anaemia: Not a feature. Moderate secondary anaemia in pro- 
longed cases. 

Skin: Eruptions in a very few cases, usually erythematous. 

Liver: Some evidence of effect on liver in a few severe cases (slight 
jaundice, reversed albumin-globulin ratio, bromsulphthalein retention, 
shifting Wassermann reaction). 

Chemotherapy: No effect on disease. 

Duration of fever: Average for whole series, 21 days. Only 8 cases 
had fever for one week or less. 

Secondary bacterial infection: Our clinical impression was that sec- 
ondary bacterial infection of the lungs occurred so rarely as to make it 
seem that the disease might actually predispose against it. 

Features of very severe cases: (1) Extensive pulmonary involvement. 
Relapses. Repeated chills. Intense cyanosis. Obstructed breath- 
ing, asthmatic in character. (2) Widespread manifestations suggesting 
the possibility of diffuse vascular disease in a few female patients. 

Average severity: Of the 52 cases, 29 were designated as moderate 
in severity and 23 as severe. Of the latter, 6 were “complicated,” 
z.e., there was clinical evidence of involvement of other systems, as 
well as the pulmonary. 

Prognosis: This would appear to be very good. Only one death 
occurred in the series of 52 cases. 








ATYPICAL BRONCHOPNEUMONIA 


ETIOLOGY 


The etiology of this disease is unclear, but nevertheless there are 
certain matters in this connection which merit discussion. In the 
first place, why not designate it as a bronchopneumonia of bacterial 
origin due to whatever organisms are contained in the sputum? It 
is tempting to do this, particularly in those cases where a pneumococ- 
cus is found. One may justly answer this statement, we think, by 
pointing out that the sputum from these patients differs in no partic- 
ular from that of entirely normal individuals. A great many exam- 
inations of sputum from normals have been made in this laboratory 
over a period of years, and the results of these studies, both quantita- 
tively and qualitatively, are identical with those obtained from pa- 
tients with this disease. Pneumococci of the higher types are readily 
obtained from many normal persons by mouse inoculation, and the 
non-hemolytic streptococci, Neisseria and staphylococci appear to be 
the same as those recovered from patients. Furthermore, there was 
no consistent bacterial flora in the various clinical cases observed. 
Lastly, it may be remarked that if the ordinary basal flora of the upper 
respiratory tract, such as streptococcus viridans and Neisseria, were 
capable of producing pneumonia in healthy young individuals, this 
fact should have been firmly established by bacteriological and patho- 
logical study before now. 

That the disease may be due to a filtrable virus is an idea which is 
so persistent in this clinic that the disease is often loosely referred to as 
“virus pneumonia.” Existing evidence of a virus etiology (13) has 
been summarized above. It may be repeated again here that no con- 
clusive proof of a virus etiology is at hand, in spite of numerous 
attempts in many laboratories to demonstrate it. Yet the virus 
hypothesis remains the most attractive one, and the evidence of com- 
municability and long incubation time lends it additional support. 
Incidentally there is no evidence by clinical history or laboratory in- 
vestigation that this disease is a form of psittacosis, nor has influenza 
virus been obtained from the material studied. 

During the pandemic of 1918 there was abundant proof that in- 
fluenza empowers all sorts of bacteria to invade lung tissue, with very 
disastrous results. Precisely the reverse seems to us to be the case 
here. Where pneumococci were recovered from the sputum they ap- 
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peared to be scanty in number; they were also rather inconstant. The 
same may be said of the occasional hemolytic streptococcus encoun- 
tered. The disease was not favorably affected by sulfapyridine. Its 
character was not altered when a pneumococcus, previously recovered, 
was found to have disappeared. Only on a few occasions did a path- 
ogenic organism make an appearance late in the disease to which any 
significance as a secondary invader might be attributed. These ob- 
servations led us to the conclusion that this disease quite definitely did 
not predispose towards secondary bacterial infection. 


PATHOLOGY 


A description of the post-mortem findings in our one fatal case will 
be presented below. It would seem unwise to draw any general con- 
clusions from a single example. 


TREATMENT 


As has been suggested heretofore, there is no specific treatment for 
this disease. None of the chemotherapeutic drugs appears to be of 
any value. General supportive measures, of course, are indicated, and 
oxygen has been of great importance in the treatment of the severe 
cases. Where a markedly asthmatic element is present, special meas- 
ures are required as in any status asthmaticus. Blood transfusions 
have been employed in a number of severe cases; while they seem at 
times to have produced some general benefit, the results on the whole 
have not been very impressive save in one instance where blood was 
obtained from a convalescent donor, the very individual in fact from 
whom, presumably, the patient caught her infection. Although, as 
has been said, secondary bacterial infection seems to be quite un- 
common in this disease, we wish to emphasize that chemotherapy is 
indicated if any evidence of secondary bacterial infection is forthcom- 
ing from bacteriological examination of the sputum, and to this end 
repeated examinations of the sputum should be made throughout the 
course of the severe cases. 


REPORT OF CASES 


Nine cases have been selected for detailed presentation. While all 
but one of these are of the severe or complicated varieties, it must be 
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borne in mind that slightly over half of our series conformed more or 
less to the simple pattern displayed by Case 1. 


Case 1 

[he patient was a young white man of 23 who had always enjoyed excellent 
health. Six days before admission he developed what he termed a cold, charac 
terized by some coryza, sore throat, cough productive of colorless sputum, to 
gether with malaise, feverishness, and chilliness. There was no rusty sputum, 
no chest pain, nor frank shaking chill. He appeared moderately ill on admission, 
the pharynx was quite red, and there was some dullness, bronchovesicular breath 
sounds, and coarse moist rales over the left lower lobe. The leukocyte counts 
were as indicated on the chart, and the chest X-ray may be seen to show a fairly 
extensive incomplete consolidation of the left lower lobe (Fig. 1). Three speci- 
mens of sputum were examined by culture and mouse inoculation. No pneumo- 
cocci or hemolytic streptococci were recovered. In two of these streptococcus 
viridans predominated, in one staphylococcus aureus. Blood cultureand urinaly- 
sis were negative. Throat culture was negative for hemolytic streptococci. 

The general clinical course is indicated in the accompanying chart. By the 
end of a week he was greatly improved and he was discharged eleven days after 
admission. Seen in the follow-up clinic three weeks later, he appeared to be 
perfectly well. 

Case 2 

The patient was a 24-year-old white man, who had been treated on the uro 
logical service 3 years previously for cystitis and pyelitis. An exploratory opera- 
tion was finally performed on the left kidney at this time, but it was found to be 
normal. For a period he had been a tuberculosis suspect, but recent chest films 
had been negative, and he was in good health until four days before this admission 
On the morning of that day he developed coryzal symptoms, followed shortly by 
pain in the right anterior chest, feverishness, and non-productive cough. On the 
second and third day of the illness he had chills. On admission he appeared to be 
quite dyspneic, and he had a severe paroxysmal, dry, hacking cough. Labial 
herpes was noted. Physical examination of the chest showed nothing of signifi- 
cance. In spite of this, however, the X-ray showed a rather dense shadow radiat- 
ing outward from the hilum into the left upper lung field (Fig. 2). The white 
blood count was 8,000 with 78 per cent polymorphonuclears. Three examinations 
of the sputum were made. No pneumococci or hemolytic streptococci could be 
recovered. The predominating organism was streptococcus viridans. Blood 
cultures were negative, and the urinalysis showed nothing of importance. Tu- 
bercle bacilli were not found in the sputum. 

His general clinical course is indicated in the chart. During the first week he 
was very ill and his cough was described as “‘terrific.’’ Although the temperature 
was lower in the second week, he still remained quite ill. Thereafter improvement 





Fic. 1. Case J. Portable film of chest taken on May 3ist, the ninth day of 
his illness. It shows a fairly extensive mottling of the lower half of the left lung 
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set in. It will be noted that during this period he developed a considerable leuko 
cytosis, and the sedimentation rate remained very high. The extent of his pneu- 
monia increased during his first week of hospital treatment, and then began to 
diminish. After a slow convalescence, his recovery was complete. 





Case 3 

This patient was a 30-year-old resident physician at Presbyterian Hospital, 
and he has been briefly referred to above as ‘Dr. A,” the first in the series of pneu- 
monias on the resident staff. He had suffered from hay fever and asthma in child- 
hood. Two vears before admission he had a streptococcus pneumonia with ab- 
scess formation, which had healed up with conservative therapy. Chest X-rays 
shortly before admission were negative. 

He entered with a one day history of frequent short chills, prostration, gen- 
eralized aching, high fever, and a dry cough. He appeared acutely ill on admis- 
sion, with some respiratory distress, and slight cyanosis. Some bronchial rales 
were noted on the right side of the chest. There was no leukocytosis. A shadow 
of increased density was noted in the right midlung field by X-ray (Fig. 3). 

No pneumococci were recovered from the sputum on admission. The next day, 
however, type 18 pneumococcus was demonstrated by Neufeld, mouse, and cul- 
ture. For three days thereafter he was treated with sulfapyridine; this had no 
effect on the disease, and numerous specimens of sputum tested subsequently by 
Neufeld and mouse injection methods were negative for pneumococci. An occa- 
sional colony morphologically resembling pneumococcus was found in some of 
the cultures, but the predominating organism was streptococcus viridans. Tu- 
bercle bacilli were not found. ( 

As will be seen from the chart, this patient had an acute illness of seven weeks . 
duration, the last two weeks of which represented a sharp relapse. His pneumonia 
ultimately became bilateral and fairly extensive. Clinically the disease was 
characterized by a markedly asthmatic element requiring oxygen and helium for 
relief. When these were withdrawn even for a short time he became intensely 
cyanotic. Repeated short chills were a feature of the first week of the disease and 
also of the relapse. During the first week the pulse was rather slow in proportion 
to the height of fever; thereafter it was proportional to the fever. As will be seen 
from the chart he developed a leukocytosis during the second and third weeks of 
the disease which disappeared during the relapse. Urinalysis, blood non-protein 
nitrogen, and serum proteins were normal. Blood cultures were negative. The 
venous pressure was not elevated. 

The patient was critically ill during the second and third weeks. The relapse 
occurred at a time when he appeared to be convalescent, but his condition during 
the relapse was not as alarming as in the original illness. He was discharged in 
his tenth week, and made a complete recovery. 





Case 4 


This patient, another member of the resident staff, aged 29, was referred to 
above in the description of the epidemic as “Dr. D.”’ He attended Dr. A. on the 
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day of his relapse and fell ill 16 days later. He had previously enjoyed good 
health, and there was no history of asthma. The onset was characterized }y 
feverishness, dry cough, and malaise. He was admitted on the following day 
At this time he was coughing a great deal, but was only moderately prostrated 
There were a few scattered rales on the left side. There was no leukocytosis. By 
X-ray, streaky shadows were noted radiating outward from the left hilum (Fig, 
4). No pneumococci could be recovered by any method from five specimens of 
sputum examined. Blood cultures and urinalysis were negative. 

As the chart indicates, this patient was very ill for four weeks. During this 
period of time the pneumonia extended to involve most of the left lung, which 
then cleared as the right became progressively involved. His disease was charac 
terized by paroxysmal cough and dyspnea, with, as time went on, an increasingly 
asthmatic quality to the breathing. He required frequent inhalations of adrenalin 
and similar drugs for relief, and was cyanotic even in high concentrations of 
oxygen. When removed from the tent the cyanosis became intense. Slow con- 
valescence began at the end of the fourth week of his illness and was signalized by 
weakness, vasomotor instability, and tachycardia. His strength was slow to 
return, but eventual recovery was complete. 

These two cases, 3 and 4, have strong points of similarity inasmuch as both were 
prolonged, severe, and characterized by cyanosis and obstructed breathing. There 
was a history of exposure, one to another. It is worthy of note, however, that 
the remaining three cases in the resident staff epidemic were much milder, and 
while somewhat more severe than Case 1, they resembled it in general type. 

Case 5 

This patient was a 38-year-old white woman whose past history was entirely 
negative for significant diseases or symptoms. Her present illness began some five 
weeks before admission with migratory joint pains, fever, and sweats. The pains 
lasted for about two weeks, and then subsided; fever continued, however, and she 
began to have progressive dyspnea and some cough. These symptoms continued 
until admission. 

The striking features on physical examination were dyspnea, orthopnea, and 
cyanosis. The heart was not enlarged; the rate was rapid and there was accentua- 
tion of the pulmonic second sound, but in other respects it appeared normal. The 
lungs were clear. X-ray examination, however, showed evidence of a moderate 
degree of bilateral bronchopneumonia (Fig. 5). The leukocytes were 14,000 with 
80 per cent polymorphonuclears. Numerous bacteriological examinations of the 
sputum were made; streptococcus viridans always predominated, and pneumococc! 
were never found. One colony of hemolytic streptococcus was recovered from 
one specimen. Examinations for acid fast organisms were negative. 

As may be seen in the chart, this patient ran a rather low-grade febrile course of 
about 9 weeks’ duration in ihe hospital. There was also a tachycardia. During 
the first month she seemed very ill indeed, and spent most of the period in high 


concentrations of oxygen. The pneumonia gradually became much more exten- 







































at Fic. 4. Case 4. Portable film taken on January 16th, a week after the onset ot 
id the disease. There is extensive involvement of the upper half of the left lung 
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5. Case 5. Portable film taken on January 21st, after about 5 weeks of 
There is wide-spread patchy consolidation of both lungs. 
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sive. The outstanding features were cyanosis, dyspnea, orthopnea, and cough. 
[his curious clinical picture was the subject of much speculation, and a good many 
laboratory investigations were made to rule out such diagnoses as naturally sug- 
gested themselves. Serial electrocardiograms showed nothing of significance. 
There was left preponderance throughout. The venous pressure and circulation 
time were normal. Antistreptolysin titre remained at a level of 33. Strepto- 
coccus agglutinins were not present. The tuberculin test was negative as were 
repeated urinalysis, blood cultures, and X-rays of the joints. All blood chemical 
determinations gave normal values except the serum globulin (3.5 per cent) and 
phosphatase (7.4 Bodansky units). There was a 5 per cent bromsulphthalein re- 
tention in one half hour. Curiously, the Wassermann on admission was four 
plus; gradually it became negative. 

After a stormy course this patient became completely well. There was no 
evidence of any disease other than bronchopneumonia of undetermined etiology. 


Case 6 


This patient, a 47-year-old woman with an irrelevant medical background, 
suffered a mild attack of food poisoning 16 days before admission. About 10 days 
before admission she began to notice fatigue and prostration, and shortly there- 
after air hunger. There was virtually no cough, and only a little sputum during 
the three days prior to admission, during which period she was known to have had 
high fever. 

She appeared somewhat dyspneic on admission, and there were diminished 
resonance and breath sounds at the left base together with sticky rales. There 
was a marked leukocytosis. No pneumococci were recovered from the sputum. 

This patient ran a febrile course of over six weeks’ duration in the hospital. 
During this time the pneumonia developed until it became very extensive, involv- 
ing most of the lung fields (Fig. 6). The outstanding clinical manifestations were 
cyanosis and dyspnea. During the second week the respirations were, in addi- 
tion, quite irregular, and this seemed due to respiratory fatigue. Her condition 
at this time appeared very grave. Electrocardiograms showed no important 
findings. There was left preponderance. At the height of her disease the serum 
proteins were disturbed, the albumin being 2.9 per cent and the globulin 3.3. 
There was a very faint trace of serum bilirubin, and a 10 per cent bromsulph- 
thalein retention after a half hour. Apart from these findings, the laboratory 
examinations showed nothing of significance. 

This patient was under treatment at the same time and in the same ward as 
Case 5. The two cases presented a number of features in common. In each the 
outstanding characteristics were dyspnea and cyanosis. In each the onset was 
insidious, and the clinical picture resembled more that of extreme pulmonary 
insufficiency than that of pneumonia. Each was long drawn out, and the X-ray 
indicated extensive pulmonary infiltration. Each made a complete recovery. 
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Fic. 6. Case 6. Portable film taken on February 17th, the twenty-fourth day 
of the disease. Patchy consolidation involves nearly the whole of both lung 
fields. 
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Case 7 


Patient was a 57-year-old white woman who, apart from a very vague history 
of rheumatic pains, had always enjoyed good health. Her illness began with a 
transitory weakness of one arm two weeks before admission. Thereafter she 
developed generalized aching pains and fever. Four days before admission a 
generalized erythematous skin eruption first appeared. This rash was widely 
distributed, and consisted of slightly elevated pink areas varying in size up to 
almost 2 cm. The appearance of the eruption was accompanied by a shaking 
chill and fever of 104.5°. There had been no cough or sputum. Two days before 
admission a fairly extensive labial herpes appeared. 

The principal physical findings on admission consisted of the eruption as 
described, together with some suppression of breath sounds at the right 
base. 

\s the chart indicates, this patient’s illness as observed in the hospital consisted 
of a relapsing fever of seven weeks’ duration. These paroxysms were each roughly 
of a week’s duration, and three of them were accompanied by the exanthem de- 
scribed above, which disappeared in the intervals. Moreover, during the second 
one the patient presented the picture of some acute central nervous system disease, 
with stiff neck, stupor, and a Babinski on the left side. The spinal fluid at this 
time, however, was clear, and contained only four ceils. 

It is obvious that this case was a diagnostic problem from the outset, and a 
tremendous effort was made to establish some specific diagnosis. As is indicated 
below, all manner of laboratory investigations were performed and all save one 
were negative. X-rays of the chest (Fig. 7) indicated throughout that a pneu- 
monia was present. This pneumonia, although bilateral, was never very exten- 
sive, and while it produced definite physical signs, it was attended with very few 
symptoms referable to the lungs. No pneumococci were recovered from the 
sputum. Tubercle bacilli were not found. 

Seven blood cultures were sterile, including those on special media for menin- 
gococci. Widal, para Widal, Melitensis agglutinations, and Felix-Weil were 
negative. Antistreptolysin titre was 25. No malarial parasites could be found. 
No ova, parasites, or pathogenic bacteria could be detected in the stools. Urine 
was negative for leptospira by dark field and guinea pig inoculation. Electro- 
cardiogram showed low voltage, and low amplitude of T-waves. Blood chemical 
studies showed nothing of significance except that the serum globulin was 3.1% 
per cent, the albumin being 4.3 per cent. 

After a rather slow convalescence, she eventually made a good recovery. /n 
summary, this woman presented a relapsing fever of about two months’ duration 
accompanied by a rash which came and went. The sedimentation rate was very 
high, and the behavior of the leukocytes was very erratic. The only positive find- 
ing was a bronchopneumonia, never very severe, of type undetermined. This 
case bore a certain similarity to the next one to be reported. 








Fic. 7. Case 7. Chest film taken on November 26th, after about four weeks 
of illness, and in the early stages of the first relapse. This consisted of very high 
fever, reappearance of the skin rash, coma and meningism. It will be observed 
that there are extra densities at both bases. The pneumonitis, however, is not 
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Case 8 


The patient, “R. G.,”’ has been referred to above in the section on communica- 
bility and incubation period. Her case is deemed of considerable importance 
because it embodied a number of very bizarre clinical features and at the same 
time it seemed to occur in a sequence of cases all but one of which were rather 
mild bronchopneumonias. 

She was a 35-year-old woman who became ill about 3 weeks after exposure in 
the household where these pneumonias were occurring. The first symptom noted 
was slight cough and a tight feeling in the chest. On the following day her cough 
became worse, and she had chilly sensations. The next day her temperature was 
found to be 102°. There was no chest pain. The sputum was described as yellow 
and tenacious. Symptoms increased in intensity until admission 6 days after 
onset. 

On examination she was found to be fairly prostrated. She had a severe cough. 
There was some dullness, suppression of breath sounds, and moist rales over the 
right lower lobe posteriorly. The leukocyte count was 13,850 with 80 per cent 
polymorphonuclears, and streaky somewhat confluent shadows were noted by 
X-ray in the lower half of the right lung field (Fig. 8). No pneumococci or 
hemolytic streptococci were recovered from three sputum specimens examined. 
The predominating organism was streptococcus viridans. There were no acid 
fast bacilli. 

\s may be seen in the chart, this patient had a febrile illness of ten weeks’ dura- 
tion. The main feature was a very extensive migratory bronchopneumonia that 
began on the right and eventually involved most of both lung fields. This was 
complicated by a bilateral sterile pleural effusion of considerable size. The dis- 
ease, as is evident in the chart, had a distinctly relapsing quality. In addition to 
these features there was a severe polyarthritis, with heat, redness, and swelling 
which did not yield to salicylates. In the second month of the disease a fibrinous 
pericarditis developed. This patient was not as cyanotic as several others in this 
series, and her cyanosis was controlled with nasal oxygen. After the end of the 
febrile course the liver edge was palpable at the umbilicus, and the spleen was 
somewhat enlarged. This patient was finally discharged 16 weeks after admis- 
sion, and after prolonged convalescence in Florida she was completely restored to 
health. 

In this surprising and long-drawn-out case the diagnosis was also in doubt, and 
a good deal of laboratory investigation was done. Apart from low voltage, the 
electrocardiograms showed nothing of significance. While the venous pressure 
was found to be elevated at one time, this was not unexpected in view of the extent 
of the pneumonia and the hydrothorax. The antistreptolysin titre was 25, and 
at no time did any auscultatory signs of valvular heart disease develop. Numer- 
ous blood cultures showed no growth. There were no agglutinins in the serum for 
brucella or hemolytic streptococcus. The blood chemical findings were normal, 
and repeated urinalyses were negative. 








Fic. 8. Case 8. Chest film taken on admission to the hospital, six days after 
the onset of the disease. Mottled shadows are present throughout the lower half 
of the right lung. 
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ATYPICAL BRONCHOPNEUMONIA 

‘The significance of this case is threefold; first it is another example of a very 
prolonged migratory bronchopneumonia, with a distinct tendency to relapse, and 
a very erratic behavior of the leukocyte count; secondly, there were very obvious 
clinical evidences of involvement of other systems than the pulmonary——the 
multiple arthritis, which was very conspicuous, the pericarditis, the hepato- 
splenomegaly. Lastly, it forms one link in a chain of cases apparently com 
municated one to another, all of which, with one other exception, were compara 
tively mild bronchopneumonias. 


Case 9 


This patient was the only case in this series in which a fatal outcome ensued. 
She was a white woman of 47. She had been treated for sinus infection ten years 
before. During the summer of 1939 she was said to have had a more or less con 
tinuous head cold. In other respects she was well until the outset of her last 
illness which began suddenly with a chill and blood-streaked sputum 6 weeks 
before admission to the hospital. Simultaneously she had an urticaria involving 
the axillae, breasts and thighs. During the first 10 days of her illness the tem 
perature ranged between 100° and 102° and there were signs of pneumonia. At 
the end of this period she was put on sulfapyridine by her local physician, and took 
20 grams in a week. The drug had no effect on the course of her pneumonia and 
t was stopped when the red blood cell count was found to have dropped to two 
million. This anaemia, incidentally, persisted thereafter. Three days after the 
sulfapyridine was stopped her temperature fell from 103° to almost normal, and 
there followed 10 days of clinical improvement.- She relapsed, however, and for 
about two weeks before admission she became progressively worse, with increasing 
physical signs, and deepening cyanosis. 

She was found to be a very sick-looking woman, cyanotic, and markedly dehy 
drated. The lungs showed diminished resonance throughout except at the right 
top, and all over this area there was abundant moisture. The breath sounds 
tended toward the bronchial in character, but there was no well-developed tubular 
breathing (Fig. 9). There were signs of a severe thrombophlebitis of the left 
lower extremity. 

he leukocyte count was normal throughout, and there was a marked anaemia. 
Sputum was extremely difficult to obtain; no pneumococci, hemolytic streptococci, 
or tubercle bacilli were found. 

She was placed in an oxygen tent on admission, and remained therein until 
death. As will be seen in the chart, her temperature was rather low throughout, 
although the pulse rate was very high. Her course was characterized by the 
development of thrombophlebitis in the right leg as well as the left, by increase in 
the degree of pulmonary involvement and by the development of “cor pulmonale,” 
with high venous pressure, edema of the upper extremities, and oligura. The 
serum albumin was between 2.2% and 2.5%. The electrocardiogram was nega- 
tive except for right preponderance. ‘Two transfusions were administered with- 
out much apparent benefit; a third, attempted on the day before death, had to be 


















Fic. 9. Case 9. Portable film of the chest taken on admission, six weeks after 
onset of the pneumonia. Extensive patchy, partly confluent, involvement of 
both lungs is noted. 
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abandoned because of increasing respiratory embarrassment. During the last 
week of life she appeared moribund, and the oxygen tent could not be removed 
even for a few moments without alarming consequences. She finally died ina 
state of exteme pulmonary insufficiency 4 weeks after admission to the hospital, 
and 10 weeks after the onset of her disease. 

From January 3 to 10 she was treated with fairly large doses of sodium sul- 
fanilate, a drug which has been favorably reported in the treatment of lympho- 
granuloma venereum, in the hope that if this pneumonia was of virus origin it too 
might be susceptible to the action of the drug. This treatment was stopped 
because of the appearance of a gross hematuria, which was still present on January 
15, the last day on which a urine examination was performed. 

In summary, then, this case was one of a bronchopneumonia which finally 
involved both lungs almost completely. No pneumococci were recovered from 
the sputum, and the disease did not respond to sulfapyridine therapy administered 
before hospital admission. There was no leukocytosis. Complicating features 
were thrombophlebitis of the lower extremities, anaemia, hypoproteinemia, and 
right sided heart failure. 


Post Mortem Findings 


The autopsy was performed two and one-half hours after death. 

Gross examination: The skin was pale and showed irregular confluent petechiae 
and maculae over the abdomen to the right of the umbilicus. There was a wet 
eczematous rash below both breasts and on the inner surface of both thighs. The 
sclerae showed a faint icteric tint. The superficial lymph nodes were not palpably 
enlarged. There was pitting edema of both ankles and of the right hand. A 
slight swelling of the right parotid region was noted. The left thigh was markedly 
edematous. There were fibrous and fibrinous adhesions between the anterior- 
lateral surface of the upper lobe of the right lung and the thoracic cage, and the 
right pleural cavity contained about 150 cc. of yellowish cloudy fluid. The left 
pleural cavity was normal. The pericardial sac contained about 30 cc. of clear 
straw colored fluid and the pericardial surfaces were smooth and glistening. 
The heart weighted 400 gm. and appeared moderately enlarged. A hemorrhage, 
measuring about 3 x 12 mm. was seen in the subepicardial fat tissue over the apex 
of the heart where a small subepicardial vein was occluded by a fresh thrombus. 
The wall of the right auricle and both ventricles was moderately thickened but 
all the valves appeared delicate and competent. The myocardium appeared 
grossly normal. The coronary arteries were normal. The aorta showed an occa- 
sional small atheromatous plaque. The right Jung weighed 710 gm. There were 
fibrous adhesions binding the lobes together and in places the pleura was covered 
by a layer of fibrinous exudate. The consistency of the lung tissue varied in differ- 
ent parts: there were many small airless patches which projected slightly above 
the surface and the intervening air-containing lung tissue appeared moderately 
emphysematous. On cross section salmon-pink and gray areas of consolidation 
varying in size from a few millimeters up to less than a centimeter were scattered 
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through the parenchyma and occasionally appeared to be confluent. The cut 
surface was quite dry. The bronchi contained thick mucopurulent exudate and 
their mucosa was congested. The bronchial lymph nodes were moderately en- 
larged, soft, and showed anthracotic pigmentation. The left lung weighed 560 
gm. The lobes were bound together by fibrous adhesions. The consistency of 
the upper lobe varied and was similar to that of the right lung in that there were 
many airless patches alternating with air containing patches. The lower lobe 
was almost completely airless and only a few emphysematous blebs were present 
beneath the pleural surface. On cross section there was extensive confluent 
consolidation in the parenchyma of the lower lobe, while the upper lobe presented 
a picture similar to that seen in the right lung. No emboli or thrombi were grossly 
visible in any of the vessels. The spleen weighed 280 gm. and the consistency 
was soft. The liver weighed 1500 gm. and appeared grossly normal. The gall 
bladder was large and contained about 60 cc. of thick, gravel-like bile. No formed 
stones were present. The pancreas and the adrenals appeared grossly normal. 
The kidneys weighed 250 gm. each and were similar in appearance. The capsule 
stripped easily leaving a smooth surface showing pin point hemorrhages. The 
consistency of the kidney tissue was moderately firm. On cross section the cortex 
measured 5-7 mm. in width and the radial structure was not very clear. The 
tissue was greyish brown in color showing an occasional pin point hemorrhage. 
The striations were indistinct. The pyramids appeared normal, the kidney pelves 
and ureters showed no concretions or any other pathological changes. The pelvic 
organs were not remarkable. The gastrointestinal tract showed early postmortem 
autolysis, but no pathological changes. The neck organs were normal. The swell- 
ing in the region of the right parotid gland was explored but nothing remarkable 
was found. The lumen of the left femoral vein was entirely blocked by a thrombus 
which extended up into the common iliac vein. No thrombus was found in the 
right femoral vein or any of the right iliac veins. The brain and spinal cord were 
not examined. Postmortem bacteriological cultures from the lungs and bronchi 
revealed a Type 10 pneumococcus. 

Microscopic examination: The heart showed marked fatty changes of the myo- 
cardial fibers, especially those of the right ventricle. The aorta was normal. 

Lungs: The sections showed a varied picture, apparently representing different 
stages of the same process. The earliest stage was characterized by the presence 
of a hemorrhagic exudate, composed of erythrocytes, blood plasma and a few 
mononuclear wandering cells within the alveoli (Fig. 10). The septa were of 
normal width and their capillaries appeared rather bloodless. Occasional septa 
showed mild infiltrations consisting of mononuclear wandering cells and poly- 
morphonuclear leucocytes. Some of the alveoli showed large mononuclear cells 
arranged in rows about the periphery. All stages, from the appearance of single 
cells and small rows, to a continuous lining of the alveoli, could be followed. A 
somewhat later stage showed alveoli which contained poorly preserved erythro- 
cytes with a tendency to clumping and hyalinization (Fig. 11). There was a 
marked tendency to organization by fibroblasts and endothelial cells which pene- 
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trated into the exudate, gradually incorporating it into the septa. A moderate 
number of polymorphonuclear leukocytes were present in the exudate and in the 
alveolar septa. Again large mononuclear cells were seen to line many of the 
alveoli, forming continuous rows. These rows appeared frequently detached 
from the alveolar walls. Many of the alveolar spaces were solidly filled with 
mononuclear wandering cells containing small fat droplets and hemosiderin pig- 
ment granules (Figs. 12 and 13). An occasional hyaline membrane was present. 
With progressing organization the alveolar spaces showed a marked tendency to 
become smaller, while the septa increased in thickness. The peri-alveolar capil- 
laries were never very prominent. The medium sized branches of the pulmonary 
artery showed extensive, usually eccentric necrosis of their walls which were 
infiltrated by polymorphonuclear leukocytes (Fig. 14). Their adventitia was 
eccentrically infiltrated by polymorphonuclear leukocytes, mononuclear wander- 
ing cells and eosinophils. 

The most advanced stage of consolidation was characterized by extreme thick- 
ening of the alveolar septa and very prominent lining cells (Fig. 15). In places 
these cells were detached from the alveolar walls, while in others they appeared to 
be fixed to the septa. The alveolar spaces were quite small; some were empty, 
but more frequently they contained debris, fibrin, lymphocytes, large mononuclear 
wandering cells holding fat droplets and hemosiderin pigment granules or both. 
No inclusion bodies were seen in any of the sections. The septa showed extreme 
thickening which was due to fibrous tissue and infiltrations consisting mainly of 
mononuclear wandering cells. The peri-alveolar capillaries appeared bloodless 
and were often buried in the center of the septa. These were seen, however, in 
an increased number of small arteries, arterioles and veins whose walls appeared 
quite thick. The medium sized and larger branches of the pulmonary artery 
again showed partial or complete necrosis of the media and intima, sometimes 
accompanied by partial thrombosis of the lumina. The mucosa of the larger 
bronchi and of the trachea was densely infiltrated by polymorphonuclear leuko- 
cytes and mononuclear wandering cells (Fig. 16). Their epithelial lining cells 
were quite prominent and frequently projected into the lumina in the form of 
small papillae. Many mucus forming cells were present among the lining cells. 
Some of the lumina contained mucopurulent exudate and debris. 

In a few places an entirely different picture was seen. Groups of alveoli con- 
tained a fibrino-purulent exudate and the peri-alveolar capillaries were markedly 
engorged and partly projected into the alveolar spaces. Gram stains of such areas 
showed a few Gram-positive intracellular diplococci resembling pneumococci. 
No organisms were encountered in any of the other fields. Sections of bronchial 
lymph nodes showed acute lymphadenitis. 

Spleen: Sections of the spleen presented the picture characteristic of an acute 
splenic tumor. The reticulum cells contained hemosiderin granules. 

Liver: Focal necroses and accumulations of large mononuclear wandering cells 
were scattered through the lobules. The Kupffer cells were large and contained 
hemosiderin pigment. 
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Pancreas: It appeared normal. The adrenals showed no pathological changes, 

Kidneys: The glomerular tufts showed increased cellularity with prominence of 
endothelial cells. A few lymphocytes and occasional polymorphonuclear leuko- 
cytes were present. The amount of stroma of the tufts appeared increased, while 
the capillaries were comparatively bloodless. The spaces of Bowman contained 
abundant albuminous precipitate, sometimes slightly compressing the tufts; their 
basement membrane appeared slightly thickened. Not infrequently there was 
fresh blood in the capsular spaces extending into the corresponding convoluted 
tubules (Fig. 17). The lining cells of the convoluted tubules were large, their 
boundaries rather indistinct, but the brush border appeared well preserved. The 
cytoplasm was coarsely granular and occasionally showed formation of early 
hyaline droplets; other cells contained small fat droplets. The lumina contained 
hyaline casts and occasional hyaline concretions. The peri-tubular capillaries were 
moderately congested and the stroma was slightly edematous, showing small 
infiltrations consisting of lymphocytes, plasma cells, and eosinophiles. The 
blood vessels were normal. The kidney pelvis was not unusual. 

Uterus, ovaries and urinary bladder: Showed no pathological changes. 

Stomach and intestine: Normal. 

Thyroid: Showed no pathological changes. 

The bone marrow: Was quite active, showing the usual variety of hematopoetic 
cells in all stages of development. 

Left iliac vein: The lumen of the vein was completely occluded by a thrombus 
which was undergoing early organization. The walls of the vein were slightly 
infiltrated by lymphocytes. 

Final note: The interesting feature of this case is the peculiar type of pneumonia 
of which various stages are seen in the section: the earliest stage is characterized 
by a hemorrhagic exudate which later is succeeded by an exudate composed 
chiefly of mononuclear cells with a marked tendency to organization. Other 
features are the appearance of large mononuclear cells at the periphery of the 
alveolar spaces forming rows which gradually line the new, narrowed lumina, and 
the fatty changes of the exudate cells. There is an acute interstitial bronchitis 
or tracheitis with abundant production of muco-purulent exudate. The lesions 
in the walls of the medium sized branches of the pulmonary artery have the 
character of peri-arteritis nodosa in its acute form and are all apparently rather 
recent. No similar lesions were found in other viscera which is all the more 
surprising, since peri-arteritis nodosa of the pulmonary artery is not at all common. 
The question thus arises whether the vascular changes are the primary factor or 
are a complication of the pneumonia. In favor of the assumption that the two 
processes are separate is the point that the pulmonary changes in many places 
appear less acute and recent than those of the pulmonary arteries. The lesions 
in the kidneys are interpreted as a nephrosis probably due to the medication with 
sodium sulfanilate. 


Anatomical diagnosis: Lobular pneumonia with organization, due to virus 




















ATYPICAL BRONCHOPNEUMONIA 265 


infection? Cardiac hypertrophy, right ventricle. Acute tracheo-bronchitis. 
Periarteritis nodosa, pulmonary arteries. Acute splenic tumor. Nephrosis due 
to sodium sulfanilate? Thrombosis of common iliac vein, left. 


SUMMARY AND CONCLUSIONS 


An attempt has been made in this paper to describe the clinical 
characteristics of a group of cases of primary bronchopneumonia ob- 
served in this hospital during the past two years. Attention was fo- 
cussed upon them not only because of their number and severity, but 
also because of the impression that we were dealing with a new disease 
entity. Evidence is herewith presented that primary bronchopneumo- 
nia in young adults, apart from certain specific varieties, was a rare 
condition prior to 1938. It is also shown that beginning about that 
time cases of primary bronchopneumonia appeared in fairly large num- 
bers, not only within this hospital, but also in outside practice and in 
other parts of the country. A fairly large number of instances is cited 
showing that this disease is a communicable one, and that the incuba- 
tion period is quite long, being in the neighborhood of two to three 
weeks. The main clinical features might be summarized as follows: 
The onset is more insidious than that seen in lobar pneumonia; the 
leukocyte count early in the disease is only slightly elevated, if at all; 
the sputum from a bacteriological standpoint is entirely comparable 
to that of perfectly healthy individuals; the pulmonary consolidation 
is incomplete and tends to be migratory, and the prognosis appears to 
be excellent. More than half of our cases presented themselves as 
comparatively mild, uncomplicated, bronchopneumonias conforming 
to this general pattern, with a febrile course of about ten days. Many 
cases, however, were much more severe, and in these certain features 
were moderately conspicuous, for example, the very prolonged course, 
the tendency to relapse, cyanosis with obstructed breathing, and leuko- 
cytosis late in the disease. In a few cases occurring in females there 
was evidence of widespread affection of other systems, giving rise to 
the suspicion that there might be diffuse vascular lesions associated 
with the pneumonia. One sequence of cases is described which indi- 
cates quite strongly that the simple, the severe, and the complicated 
cases arose from the same etiological agent 
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It is pointed out that the etiology of the condition is obscure, and 
reasons are given against its being due to the various microorganisms 
recoverable from the sputum. Data relating to the possibility of a 
filtrable virus being the causative agent are summarized, and it js 
pointed out that no proof of this hypothesis is yet at hand. 

One fatal case is reported, together with the post-mortem findings. 
Once again it must be emphasized that no final conclusions can be 
drawn from a single case, and that we have no way of being sure that 
the individual in question was suffering from the same disease as the 
other patients in the series. She merely seemed to be, as far as we 
could tell, during the weeks that she was under observation and treat- 
ment. Nevertheless it is extremely interesting that, histologically, 
the pneumonia proved to be of a most unusual variety, characterized 
by a mononuclear cell exudate and a tendency to organization. Fur- 
thermore, among other histological peculiarities, there was an asso- 
ciated acute vasculitis of the pulmonary vessels. In this connection 
it will be recalled that more than once the suggestion had been made 
on purely clinical grounds that in certain cases there might be a con- 
comitant element of diffuse inflammatory vascular disease. 

One other feature of this case deserves comment. It will be re- 
membered that i. addition to the changes in the lungs, there also ex- 
isted at autopsy an extensive purulent bronchitis. The exudate con- 
tained large numbers of type 10 pneumococcus. That this was an 
important contributing cause of death cannot be denied, and the abun- 
dance of this exudate suggested that it was partly responsible for the 
very extreme cyanosis at the end. We do not believe, however, that 
the type 10 pneumococcus was related to the pneumonia. Sputum 
examinations early in the course of the illness failed to disclose this 
organism, and sulfapyridine therapy"Was without effect. Moreover, 
while the cells of the exudate in the bronchi were polymorphonuclear 
in type, those in the lungs were mononuclear, and almost no organisms 
were seen in the histological sections of the lung tissue itself. 

In summary, then, it is our belief that within the last two or three 
years a type of bronchopneumonia hitherto more or less unrecognized, 
and of undetermined etiology, has become quite widespread, and that 
its clinical significance is sufficiently great to warrant this extended 


description. 








— — 








- wh 








co OI AM 


ATYPICAL BRONCHOPNEUMONIA 267 


BIBLIOGRAPHY 


. TESCHENDORF, H. J.: Fortsch. a.d. Geb. D. Rontgenstrablen. 48: 541, Nov. 1933. 
. Ramsay, H., AND SCADDING, J. G.: Quarterly J. Med. 8: 79, April 1939. 

. Gut, A. M.: Brit. Med. J. 1: 504, 1938. 

. Bezancon, F., Jacguetin, A., Lenman, R. D., anp Trrsout: Presse Med. 


41: 1867, 1933. 


. Gallagher, J. R.: Yale J. Biol. and Med. '7: 23, 1934. 
. Save, L.: Rev. Med. Barcelona, 24: 365, 1935. 


Bowen, A.: Am. J. Roentgenol. 34: 168, 1935. 


. Atten, W. H.: Ann. Int. Med. 10: 441, 1936. 
. Smatey, D. F., Seowacre, E. D., Lex, W. F., anp Ferris, A. W.: J. A. M.A. 


112: 1901, 1939. 


. Mrtter, F. N., anp Hayes, M. G.: Northwest Med. 38: 12, 1939. 
11. 
12. 
13. 


MAXFIELD, J. R., Jr.: Texas State J. Med. 35: 340, 1939. 

REmaAnn, H. A.: J. A. M. A. 111: 2377, 1938. 

SToxEs, J., Kenney, A. S., anp SHaw, D. R.: Tr. Coll. Phys. Philadelphia 6: 
329, 1939. 





BRONCHOPNEUMONIA OF UNKNOWN ETIOLOGY 
(VARIETY X) 


A Report oF Turrty-Two Cases with Two DEATHS 
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During the last few years attention has been directed to a variety 
of pneumonia which differs in many particulars from the familiar form 
of lobar pneumonia caused by pneumococci, as well as from the less 
common forms of lobular or bronchopneumonia due to haemolytic 
streptococci, staphylococci, Bact. tularense and other well defined 
causes. The disease has been prevalent, in more or less epidemic form 
in various parts of this country and in England. 

In 1935 Bowen (1) called attention to a form of “pneumonitis” 
which was observed during the years 1932 and 1933 in the white troops 
in Hawaii. Eighty-nine cases occurred during the year 1933. The 
disease was considered as a complication of influenza. The pneu- 
monitis produced few physical signs, except for rales which were 
usually present, but x-rays showed spotty shadows extending into the 
lower lobes. The disease was mild. Cough and low leucocyte count 
were characteristic. Cultures from the sputum gave no indication as 
to the etiology. About the same time Gallagher (2) described sixteen 
cases of what, in retrospect, appears to be a similar form of broncho- 
pneumonia which he observed in a boys’ school. In 1936 Allen (3) 
drew attention to a mild form of pneumonia occurring at Fort Sam 
Houston. Though the x-ray showed areas of consolidation usually 
in the lower lobes (92 per cent) the physical signs were sparse and 
confined principally to rales which occurred in 72 per cent of the 
cases. Fever lasted from one to twenty days, and in half of the 
cases from six to twenty days. Complications were very rare and 
recovery occurred in all instances. The etiology was unknown. 
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Reference should be made here to the group of cases reported by Cass 
(4), though it is not clear that they are of the same type. 

In 1937 Scadding (5) described four cases of what he termed “‘dis- 
seminated focal pneumonia,” and later Ramsay and Scadding (6) 
discussed twenty-one cases in which small areas of consolidation ap- 
peared in the lung, without very acute symptoms. The disease 
pursued a benign course to complete resolution. 

From the University of Oregon, Miller and Hayes (7) have reported 
thirty-five cases of “‘bronchopneumonia” occurring in the student 
body. Fifty-four similar cases were recorded at the Oregon State 
College and fifty-two at Stanford University. The disease was mild, 
the fever lasting from five to ten days and falling by lysis. A parox- 
ysmal cough was common. There was little sputum and signs of 
consolidation were meagre, though rales were regularly present. 
X-ray, on the other hand, showed in all cases evidence of involvement 
of the lung. Complications were rare and all the patients recovered. 
Smiley, Showacre, Lee and Ferris (8) described a similar form of 
pneumonia spreading through the student body at Cornell University. 
There were eighty-six cases during a period in which influenza was 
not pandemic. They speak of it as acute interstitial pneumonia. 
From their bacteriological studies they concluded that it was not due 
to pneumococci. Some time previous to these reports, Reimann (9) 
had described (1938) eight cases of a peculiar form of tracheo-bronchial 
pneumonia occurring in Philadelphia, which though simulating the 
cases already referred to, pursued a much more serious course, with 
cyanosis, cough, dyspnoea, sweating, prolonged fever, and nervous 
symptoms. He called attention to the fact that the fever was in some 
cases biphasic. The character of the disease suggested an infection 
by a virus though he did not believe that the disease was influenza. 
From Texas a similar though milder form of what appears to be the 
same disease has been reported. Maxfield (10) analyzed sixty-three 
cases of “‘an atypical leukopenic pneumonia which occurred in epi- 
demic form.”’ He believed that the disease was definitely com- 
municable and the etiology unknown. Recovery occurred in these 
patients. Reimann and Havens (11) have recently reviewed the 
reported instances of this peculiar form of pneumonia, and record an 
epidemic of respiratory disease in 407 persons, twenty-five of whom 


270 WARFIELD T. LONGCOPE 


had a tracheo-bronchitis and twenty-five a bronchopneumonia. They 
believed that the disease was caused by a filtrable virus, but that this 
was not the virus of influenza. And finally Murray (12) has recently 
published an excellent account of an atypical bronchopneumonia 
which was observed amongst the students at Harvard College from 
1935 to 1939. There were 146 cases in all, the largest number, eighty- 
one, occurring during 1938 and 1939. The analysis which he gives of 
132 cases accords with other published descriptions of a mild form 
of the disease. 

Since there is circumstantial evidence that this disease is contagious 
and, since at times the pneumonia may assume a much more serious 
character, as Reimann has shown, than most of the reports would 
indicate, it appears desirable to place on record descriptions of the 
clinical course of this affection, so that its position amongst the respira- 
tory infections may, in this respect, be well defined. 

During the last few years thirty-two cases of this particular variety 
of pneumonia have come either directly or indirectly under my ob 
servation at the Johns Hopkins Hospital. Undoubtedly other in 
stances of the disease have occurred in the hospital, but only those 
cases are included in this study that have been completely investigated. 
For convenience sake the disease has been designated ‘‘Pneumonia, 
Variety X.” 

Amongst these adults the ages of the patients ranged from seventeen 
to seventy, though the majority of patients (seventeen) were between 
twenty and thirty years of age. Twenty of the patients were men, 
eleven of whom were doctors, medical students, orderlies, or hospital 
employees. Twelve of the patients were women, seven of whom 
were nurses. 

The disease occurred at all seasons of the year, though more than 
half of the cases (eighteen) were encountered during October, Novem- 
ber, and December. There were ten cases from May to September, 
inclusive. It is to be noted that pneumococcal pneumonia is most 
prevalent in Baltimore from December to May, a period during which 
only eight of the thirty-two cases under discussion were encountered. 
A discussion of the incubation period together with the evidence for 
the contagiousness of the disease will be considered later. 


In many individuals the acute phase of the disease was preceded 
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by a day or two of malaise with cough that was usually unproductive, 
but which increased in intensity. Then followed fever, accompanied 
by increasing cough, sometimes in paroxysms, headache, general 
aches and discomfort, chilly sensations, and occasionally abdominal 
pain and nausea. An actual chill at onset was rare and occurred in 
only six of the thirty-two cases. Pain in the chest was also infrequent 
and formed a complaint of only five patients. It was not sharp or 
stabbing and was rarely affected by respiration. Epistaxis was an 
early symptom in two instances. In four of the patients the onset 
of the disease was accompanied by a more or less severe pharyngitis 
due to Beta haemolytic streptococci. 

When the patients were first seen, often on the first to third day of 
the acute illness, the temperature was usually high, varying from 102 
to 105 F, but the pulse rate and respiration were not, as a rule, pro- 
portionately elevated, so that with temperatures of 104 or 105 the 
pulse rate might vary from 100 to 110 and the respirations from 20 to 
26 per minute. At this time, too, there was rarely cyanosis, and the 
patients did not usually look or feel very ill. Often the most annoying 
symptom was a rasping, non-productive cough. Sometimes there 
was a small amount of sputum which in a few instances was blood- 
tinged, but not rusty in appearance. 

The throat was sometimes reddened. Four patients had a more or 
less severe pharyngitis due to Beta haemolytic streptococci. There 
were no eruptions, and there was no enlargement of the superficial 
lymph nodes. Herpes labialis was observed in only one instance. 

The examination of the lungs during the first few days of illness did 
not often disclose any conspicuous abnormality, though in some 
patients there was slight dullness over one or the other lower lobes, 
while the breath sounds were sometimes suppressed and a few fine 
rales might be heard in this area. The examination of the heart did 
not disclose any striking abnormality. There was occasional tender- 
ness over the abdomen and in four instances the spleen was readily 
palpable during the course of the disease. Tenderness of the bones 
or of the calf muscles such as may occur in influenza was not noted. 

One feature that commonly characterized the early stages of the 
disease was a moderate leucopenia. In seventeen of the cases the 
leucocyte count during the first days of the illness varied from 4,500 
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to 6,500, and in a total of twenty-two cases the count was below 8,000 
at this time. In only two instances was the leucocyte count above 
11,300 during the first few days of the disease. In one of these, a 
colored woman, with active infection of the urinary tract due to B. 
coli, the leucocytes numbered 21,700. 

The differential leucocyte count showed during the period of leuco- 
penia little if any variation from normal. In only ten instances was 
the percentage of polymorphonuclear neutrophilic leucocytes above 
75 per cent, and in three of these patients the total leucocyte counts 
were 11,500, 15,050, and 20,640 respectively. In thirteen patients, 
however, even though there was no actual leucocytosis or increase in 
the proportion of neutrophilic leucocytes, there was nevertheless a 
shift to the left and in ten cases neutrophilic myelocytes were seen. 
In more than half of the cases (eighteen) eosinophilic leucocytes were 
present and formed from 1 per cent to 7 per cent of the total number 
of leucocytes. 

The onset of the disease was similar in most of the patients, but the 
subsequent course varied greatly from a mild infection to one which 
was extremely grave or fatal. In order to give some idea of the 
manner in which the disease progressed it is convenient to describe 
in more detail its course in those patients who experienced a mild 
attack (twelve cases), those that had a moderately severe attack 
(eleven cases), and those who were severely ill or died (nine cases). 

Of the twelve cases in the first group, one half (six) had been in 
contact immediately prior to their illness with patients suffering from 
a similar variety of pneumonia. Though all twelve had fever, cough, 
and malaise, most had very little sputum, and none of them appeared 
or felt ill for more than three or four days. Herpes labialis was not 
noted. Sweats were frequent in some of these patients. In one 
patient the sputum was slightly blood-streaked on two or three oc- 
casions, and one patient had a pharyngitis due to Beta haemolytic 
streptococci. As the disease proceeded most patients showed some 
physical signs of involvement of the lungs. In three patients, how- 
ever, repeated examinations disclosed only a few rales over the left 
lower lobe. In all the others very slight to moderate dullness, often 
suppression of breath sounds, and always rales were heard over some 
area of the chest. In two patients a transient friction rub was heard. 
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In all the patients x-rays disclosed shadows often extending from the 
roots of the lung towards the periphery or involving the peripheral 
portion of one lung in the mid or upper field. The extent of these 
shadows was out of all proportion to what might be expected from the 
meagre physical signs. In some instances the shadows appeared 
somewhat spotty, in others they were diffuse and of varying density. 
The left lung was involved in nine cases, the right alone in three, and 
probably the right as well as the left in two. In these two instances 
the shadows were first seen in the left lower lobe and later equivocal 
areas of density were noted in the right lower lobe with rales in these 
regions. Shadows appeared in the left lower lobe in five patients, 
in the left mid region or upper in four, in the right middle in one, and 
in the right upper in two. 

The patients in this group rarely felt ill for more than two or three 
days, and the most distressing symptom was usually the harassing, 
rasping, non-productive cough. None of them was cyanotic. Blood 
cultures, made in seven of the twelve patients, gave no growth of 
bacteria. 

The course of the temperature always attracted attention. In the 
mildest forms the temperature fell from 103 or 102 on the third to 
fourth day of the disease to reach normal through slight fluctuations 
by the fifth to the tenth day. But in several instances, in which the 
febrile course was more prolonged, there was a preliminary rapid 
drop in temperature followed by a secondary rise with an irregular 
defervescence, the temperature declining to normal on the twelfth to 
sixteenth day of the disease. During the latter stage of the infection 
the leucocyte count usually rose, in four of the twelve cases reaching 
10,000 to 13,200 without, however, a relative increase in the poly- 
morphonuclear neutrophilic leucocytes. 

There was very little correlation in this group between the subjec- 
tive symptoms and the continuation of fever and physical signs.. As 
the temperature fell coarse rales increased very noticeably in numbers, 
and in many patients they first became noticeable during this period 
of defervescence, when except for cough the patients were comfortable. 
Rales and shadows in the x-ray or both rarely disappeared before the 
tenth day of the disease, and in eight patients the lungs were not clear 
to examination until between the fourteenth and twenty-second day 
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of disease. Convalescence was uncomplicated, quite rapid, and 
recovery complete in this group. The following two histories illustrate 
the course of the disease as it appeared in this mild form of 
the infection. 


Case 1. J. H., aged twenty-four, «married medical student, was admitted to 
the Johns Hopkins Hospital (Hist. No. 187962) on December 7, 1939, complaining 
of cough, malaise, and sweating. The family history was unimportant, and except 
for measles, mumps, chickenpox, and frequent sore throats as a child he had been 
healthy. A tonsillectomy and adenoidectomy had been performed at six vears 
of age. Seven days before admission there was acute onset of malaise, headache, 
and cough. This followed a slight cold of two or three days’ duration. After 
three days in bed he got up, but severe cough, slight fever, sweatiag and malaise 
continued, and he was admitted to the hospital. The cough had become produc- 
tive of sputum, occasionally blood-streaked. He was tall, thin; face slightly 
flushed with some post-nasal discharge. The throat was not injected. There 
was no cyanosis, no enlargement of lymph nodes. The heart was not abnormal: 
pulse 96. The lungs were everywhere clear to percussion and auscultation. The 
abdomen was soft, the liver and spleen not palpable. Hb. 15.2 gms., red blood 
cells 4.49 million, leucocytes 7,570, polymorphonuclear neutrophils 70 per cent, 
eosinophils 7 per cent, basophils 1 per cent, lymphocytes 19 per cent, monocytes 
4 per cent. Sedimentation rate 28, corrected. The urine showed no abnor- 
malities. An x-ray of the chest made before admission on Dec. 5, the sixth day of 
disease, showed a shadow extending from the root of the left lung into mid lung 
field (Fig. la). Numerous examinations of the sputum showed no tubercle bacilli, 
no typable pneumococci, and no other abnormal flora. A physical examination 
of the chest on December 9, the tenth day of disease, did not disclose any definite 
abnormalities. On December 11 the leucocytes were 6,180. On December 12, 
the thirteenth day of disease, the shadow in x-ray was unchanged. The tem- 
perature fell gradually to normal as is shown in the chart on December 13, the 
fourteenth day of disease, and convalescence proceeded uneventfully. X-rays 
made on December 21, 1939, the twenty-second day of disease, and on June 6, 
1940 showed that the shadow in the left lung had practically disappeared (Fig. 1b). 


Case 2. O. T., aged 22, trained nurse, was admitted to the Johns Hopkins 
Hospital (Hist. No. 127065) on November 1, 1939, complaining of headache, 
cough, pain in left upper chest, and fever of six hours’ duration. She had had, as 
a child, measles, mumps, chickenpox, and a tonsillectomy at seven; two to three 
colds a winter, “sinusitis,” and an acute pharyngitis due to Beta haemolytic 
streptococci two years before. For three weeks she had been on duty in the 
isolation ward where several cases of “‘pneumonia, Variety X”’ had been treated. 
Following a slight coryza there had been fever to 102.6, malaise, cough, and pain 
in left chest. On admission six hours after acute onset, she appeared acutely ill, 
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Fic. 1. CASE 1 
lop (a) X-ray showing shadow extending from right root, Dec. 5, 1939, 6th 
day of disease. 


Bottom (b): X-ray showing complete disappearance of above shadow after 
recovery on Jan. 6, 1940. 
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somewhat prostrated, with an harassing but unproductive cough. There was 
neither dyspnoea nor cyanosis. There was some swelling of lymphoid follicles on 
posterior pharyngeal wall with reddening of pharynx. Left tonsillar lymph node 
was palpable but not tender; no general enlargement of lymph nodes. The heart 
showed no abnormality except for tachycardia (110). The lungs were clear to per- 
cussion and auscultation. Abdomen was soft, the liver edge and lower pole of right 
kidney palpable. Leucocytes 12,700. The urine was not abnormal. A blood 
culture showed no growth of bacteria. Culture from the throat showed no ab- 
normal flora. On November 2, the second day of disease, the harrassing, non- 
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Cuart 1. Case 1. Male aet. 24. Temperature chart. Diagram shows area 
of lung involved. 














productive cough increased, and there was pain in the left chest on deep breathing. 
An x-ray showed no definite areas of increased density. On the third day of disease 
the patient felt somewhat better. There was some suppression of breath sounds 
over lower lobes. Slight dullness and occasional rales were heard in the left 
subscapular region on November 5, the fifth day of disease, but were not evident 
on November 6, the sixth day of the disease, when the x-ray showed an area of 
density in the left lung (Fig. 2). Severe cough, headache, and nausea continued 
until November 8, after which there was continuous improvement though the 
temperature did not reach normal until November 14, the fourteenth day of 
disease. There was so little sputum that satisfactory specimens were not obtained 
for culture. Recovery was uneventful. 
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Fic. 2. CASE 2. X-Ray oF CHEST ON Nov. 6, 1939, THE 6TH Day OF DISEASE, 
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The character of the disease in this group of twelve patients simu- 
lates very closely the descriptions published in many of the reports 
that have been referred to previously. Though these cases may 
represent the commonest form of this particular variety of broncho- 
pneumonia the disease does, at times, progress in a much more serious 
manner. 

This occurred in the eleven patients that form the second group. 
In these patients the disease manifested its greater severity by an 
intensification and prolongation of the acute symptoms, by the fre- 
quency of a secondary rise of temperature and a longer period of fever, 
by the occasional appearance of cyanosis, with more frequent occur- 
rence of signs indicating disease of the lung, and evidence in many 
cases from the physical signs as well as from the x-ray that more than 
one lobe of the lung was involved. A continued high fever, a previous 
epistaxis, a palpable spleen, and low leucocyte count in one patient 
suggested at first that he was suffering from typhoid fever. In a 
second patient the presence of small amounts of albumin in the urine 
and a few red blood cells and leucocytes drew attention at first to the 
urinary tract rather than to the lungs. In a third patient (Case 4) 
who was found to have chronic rheumatic heart disease with mitral 
stenosis, there was continuous expectoration of large amounts of 
bloody sputum. ‘The lower lobes were again the commonest seat of 
the lesion, for one or the other or both were affected in ten of the 
eleven patients. In seven patients, more than one lobe was involved. 
In five of the seven patients two lobes were affected, and in the other 
two, three lobes. 

In all eleven patients there were, during some stage of the illness, 
physical signs indicating involvement of the lungs. These were 
discovered in five patients by the third day of the disease. Duilness, 
suppression of breath sounds, bronchovesicular breathing, and a few 
rales were common. Frank tubular breathing was comparatively 
rare. As the disease progressed coarse rales became numerous and 
often persisted for many days or weeks after the temperature had 
fallen to normal. The acute symptoms with fever lasted from seven 
to thirteen days in seven patients and from fourteen to twenty-one 
days in four patients. The physical signs or shadows demonstrable 


by x-ray persisted for fourteen to twenty-one days in two patients, 
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for twenty-two to twenty-seven days in three patients, and from 
twenty-eight to eighty days in six patients. An otitis media occurred 
as a complication in one patient, the remaining ten patients recovered 
without complications. 
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Cuart 3. Case 3. Female aet. 18. Temperature curve above; total leucocyte 
count below. Note secondary rise in temperature with increase in leucocyte count. 


The following three cases may be cited as examples of the moderately 
severe form of the disease. 
Case 3. M.D.,a white girl 18 years of age, was admitted to the Johns Hopkins 


Hospital (Hist. No. 110341) on December 8, 1938, complaining of cough and 
fever. She had been generally healthy, but had had measles, pertussis and scarla- 
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tina as a child. She had not had rheumatic fever. In June, 1937, she had had 
an appendectomy. 

On December 5 she had awakened with cough and fever of 101. Later that 
day she hada chill. Cough continued with slight blood streaking, and on Decem- 
ber 6 temperature reached 104. There was pain in both lower chests. She was 
seen on December 7 by Dr. Leslie N. Gay, and was admitted to the hospital 
There was injection of the pharynx and mild cyanosis. The heart showed no 
abnormalities. B. P. 110/76. Except for rales at the left base posteriorly the 
lungs were clear, but on December 8, the fourth day of disease, there was slight 
dullness at the left base with rales, and an x-ray showed clouding of the lower left 
lung field. These signs increased so that on December 10, the sixth day of disease, 
there were frank signs of solidification in this region. By December 9, the fifth 
day of disease, the temperature had fallen to 99.6, but rose on the subsequent day 
to 103.2, to fall gradually to normal on the thirteenth day of disease. On admis- 
sion the leucocyte count was 7,700, with 71 per cent polymorphonuclear neutro- 
phils, 2 per cent eosinophils, 16 per cent lymphocytes, and 3 per cent mononuclear 
cells. The urine was not abnormal, the Wassermann reaction was negative. A 
blood culture gave no growth. Cultures of the sputum on five occasions did not 
show pneumococci, haemolytic streptococci, or haemophilus influenzae. Cultures 
from the throat showed no pathogenic bacteria. Cultures from the sputum 
on December 9 and 18 showed a few pneumococci which were non-pathogenic 
for mice and could not be typed. 

With the fall in temperature the symptoms receded; great numbers of rales 
appeared over the left lower chest, and the leucocyte count rose, reaching 16,450 
on December 16, the twelfth day of disease. Convalescence was complicated 
by a transient catarrhal otitis media, but to physical examination and x-ray, the 
lungs were clear on December 28, the twenty-third day of disease. Within two 
weeks of the onset of this patient’s illness, her mother developed the same form 
of pneumonia, and after a second interval of two weeks the patient’s father suffered 
from a similar atcack of bronchopneumonia. 


In the presence of rheumatic heart disease the bronchopneumonia 
proved serious, the sputum was more copious than in other patients 
and became hemorrhagic in character. The following case is illustra- 
tive of this condition. 


Case 4. C. W., a white man, aged 32, was admitted to the Johns Hopkins 
Hospital on September 2, 1939 (Hist. No. 180240) complaining of cough and 
bloody sputum for three days. Six years previously he had had “pneumonia.” 
Two and a half months ago he had had an appendectomy, followed by a carbuncle 
in the interscapular region. ‘Ten days before admission he developed a head cold, 
without constitutional symptoms until five days later when he noticed fatigue. 
A few days before admission he began to cough and felt feverish and chilly. Cough 
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increased with appearance of small amounts of bloody sputum. The day before 
admission his temperature was 104, and his doctor found “‘signs”’ in his chest. 
The patient appeared ill, dyspnoeic, slightly cyanotic, coughing and expec- 
torating very bloody sputum. Pharynx was injected. No injection of con 
junctivae, no herpes. Over right lower chest posteriorly tactile fremitus was 
diminished with dullness, tubular breathing, and many rales. Over left lower 
back there was a small area of tubular breathing, with rales in left axilla. No 
frictions were heard. Heart was enlarged, the sounds loud; there were nomur- 
murs, and no distension of veins of neck. Abdomen slightly distended. The 
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Cuart 4. Case 4. Male aet. 32. Temperature chart showing secondary rise 
in temperature between 11th and 14th day of disease. Diagrams show areas of 
lungs involved. 


liver and spleen were not felt. Leucocytes 15,030. The urine showed traces of 
albumin, a few casts and red blood cells and leucocytes. Cultures from the throat 
and sputum showed no haemolytic streptococci or pneumococci. Cultures from 
blood gave no growth. An x-ray on the seventh day of disease showed dense 
clouding over lower right lung field and less marked shadow over left middle and 
upper area (Fig. 3 (a)). 

The patient continued ill with severe cough, much bloody sputum, some cy 
anosis, and signs of partial solidification in right lower chest and left upper chest, 
with increasing rales. On September 4 and 9, cultures from the sputum showed 
only the usual flora. (On September 8, the tenth day of disease, he appeared better 
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Fic. 3. CASE 4 
Top (a): X-ray showing dense shadow in right lower lobe and mottled shadow 
in left upper lobe on Sept. 5, 1939, the 7th day of disease. 
Bottom (b): X-ray showing diminishing shadow in right lower, with little 
change at left upper on Sept. 9, the 11th day of disease. 
282 
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Fic. 4. CASE 4 


lop (c): X-ray showing persistence of shadow in right lower lobe with disap- 


pearance of shado y in left upper on Oct. 9, 1939, the 41st day of disease. 
Bottom (d): X-ray showing almost complete disappearance of shadows on 
Nov. 8, 1939, the 70th day of disease. 
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and the temperature, which had been gradually falling, reached 99.2°, but the 
temperature rose again gradually to 102° on September 11, the thirteenth day of 
disease when a rash was observed, thought to be due to sulfapyridine. On Septem- 
ber 9, the eleventh day of disease, x-ray of the chest showed a dense shadow in the 
right lower lung, and a less dense shadow in upper and mid portions of left lung 
field (Fig. 3b). On September 13, the fifteenth day of disease, the temperature 
was normal. Cultures from the sputum showed alpha streptococci, staphylo 
coccus albus, and a few untyped pneumococci. By September 18, the twentieth 
day of disease, he was convalescing with normal temperature. The left lung was 
clear, but at the right base posteriorly there was still dulness, bronchovesicular 
respiration, and rales. These signs did not disappear entirely until he had been 
convalescing for two months (Figs. 4c and d). During this period, when he was 
active, the enlargement of the heart, a presystolic murmur at the apex, and an 
accentuation of the second pulmonic sound led to the conclusion that he had 
chronic rheumatic heart disease with mitral stenosis. 


Case 5. J. K, a nurse 23 years of age, was admitted to the Johns Hopkins 
Hospital (Hist. No. 173472) on October 16, 1939, complaining of cough. Her 
previous health had been good, though she was subject to sore throats. For 
three weeks before the onset of her illness she had nursed a patient (Case 7) desper- 
ately ill with ‘“‘ pneumonia, Variety X.””. One week before admission she developed 
headache, non-productive rasping cough, malaise, and muscular aches. The 
temperature was 102.8. The fever persisted, the headache and cough grew worse, 
there was abdominal pain, considerable sweating, no chills, and a little sputum 
which was not blood-streaked. 

She appeared moderately ill, with harrassing paroxysms of non-productive 
cough. There was no cyanosis. The tonsils were enlarged, with an exudate on 
right. There was dullness, tubular breathing, tubular whisper, and rales over 
lower left chest with a small area of dullness in right interscapular region (Fig. 
5a). The heart was not enlarged. There was a soft systolic murmur at the apex. 
B. P. 110/65. The spleen was not palpable. The leucocytes were 11,500, poly- 
morphonuclear neutrophils 73 per cent. The urine showed no albumin, red blood 
cells or casts. Cultures from throat showed Beta haemolytic streptococci. A 
culture from the blood showed no growth. The sputum showed a few pneumo- 
cocci which could not be typed. An x-ray on October 18, the ninth day of disease, 
showed a shadow in left lower, right middle and right upper lobes. The patient 
was given sulfapyridine, but was unable to retain the drug on account of nausea 
and vomiting. The cough and nausea continued, evidences of fatigue increased, 
and on October 20, the eleventh day of disease, the signs in the lungs had extended 
and x-ray showed that the shadows had increased in extent (Fig. 5b). Blood 


cultures on October 18 and 19 showed no growth. There were no tubercle bacilli 
in the sputum. 

On October 22, the thirteenth day of disease, the cough and nausea were better, 
the signs in the lungs less marked, and by October 24, the fifteenth day of disease, 
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Fic. 5. CAsE 5 
lop (a): X-ray showing spotty shadows extending from both lung roots on 
Oct. 16, 1939, the 7th day of disease. 


Bottom (b): X-ray showing extension of these shadows into both lung fields on 


Oct. 20, the 11th day of disease. 
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the improvement had progressed. On October 23, x-ray showed some clearing of 
the lung shadows. The improvement continued and by November 6, the twenty- 
eighth day of disease, the signs in the lungs and the shadows in the x-ray had 
largely disappeared. 

Agglutinations for B. abortus and B. tularense were negative. Cultures from 
the throat on October 25 and November 5 showed Beta haemolytic streptococci. 
After November 1, the twenty-second day of disease, the temperature remained 
normal and convalescence was uneventful. 
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Cuart 5. Case 5. Female aet. 23. Temperature chart and curve of total 
leucocytes showing transient fall in temperature on the 8th day of disease, and 
increase in total leucocytes, reaching their highest on 13th day of disease. 


In the last group of nine cases, though the symptoms at onset did 
not differ in any remarkable way from those previously described, the 
subsequent course assumed the character of an intense infection. 
The cough was persistent, the breathing sometimes of asthmatic type, 
headache was intense, sweating common, and prostration severe. As 
the disease progressed, cyanosis became prominent and in some 
patients was so intense that it was not entirely relieved by oxygen 
therapy. This was particularly true of one of the two fatal cases, 
both of whom had chronic rheumatic heart disease. In all of these 
patients there was a transient fall in temperature during the first week 
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of the disease, with a subsequent rise followed by a prolonged febrile 
period. 

During the course of the illness the pneumonic process spread 
from one part of the lung to another, sometimes involving three, or in 
one case, four lobes in a patchy manner. Some signs of solidification 
were common in this group of patients, for dullness and small areas of 
tubular breathing occurred in all cases. There were apt to be few 
rales during the early stages, but coarse, often explosive rales appeared 
in great profusion in the latter part of the illness and during con- 
valescence. The duration of the acute febrile illness in the seven 
patients who recovered was protracted, lasting in one patient thirteen 
days, in one patient fifteen days, in two seventeen days, in one twenty, 
in one twenty-three, and in one patient twenty-five days. 

The residual physical signs and the diminishing x-ray shadows, 
however, persisted for a much longer time, lasting for at least one 
to two months. In one patient the disease was complicated by 
thrombosis, first of the right femoral vein, then of the left, with sub- 
sequent infarctions of the lung. Except in this patient there were no 
instances of pleurisy. There was either a leucopenia or a leucocyte 
count within the limits of normal during the early stages of the disease 
in all of these patients, with a subsequent moderate leucocytosis of 
13,000 to 17,000 in six cases. Recovery in seven patients was com- 
plete without residual abnormalities in the lung. In both fatal cases 
autopsies were performed, and through the kindness of Dr. W. G. 
MacCallum it is possible to publish the pathological findings in these 
two cases. 

The following descriptions of the disease in four patients include 
two cases that recovered and the two fatalities. 


Case 6. H. Z., a male college student 19 years of age, was admitted to the 
Johns Hopkins Hospital (Hist. No. 122321) on October 23, 1937, complaining of 
sudden onset three days before of fever and chill. 

His general health had been excellent. He had had only measles and diphtheria 
as a child, and a tonsillectomy at the age of five. The patient had spent the 
summer in camp, but in the latter part of September had been with his older 
brother who on October 4 developed a severe pneumonia with low leucocyte count. 
On the evening of October 21 the patient felt feverish and had a shaking chill with 
temperature of 103. There was some pain in region of left nipple, unrelated to 
cough. He appeared acutely ill; throat injected. The lungs were clear to per- 
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cussion and auscultation. The heart was not enlarged, no murmurs. B. P. 


135/70. The spleen was not palpable. There were no eruptions. The urine 
showed no abnormalities, the leucocytes were 6,680, polymorphonuclear neutro 
phils 70 per cent, lymphocytes 23 per cent, monocytes 7 per cent. A culture from 
the blood gave no growth, cultures from throat showed alpha and gamma strepto- 
cocci. Cultures from the sputum showed no pneumococci, haemolytic strepto 
cocci, or haemophilus influenzae. Agglutinations with E. typhi, paratyphoid 
a and b, suipestifer, B. tularense, B. abortus, and Proteus X 19 were all negative. 
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Chart 6. Case 6. Male aet. 19. 
cocytes. 


Temperature chart and curve of total leu- 
Note pronounced secondary rise in temperature on the 5th day of 
disease, and leucopoenia during the early stages of disease with moderated leuco 
cytosis later. Diagrams indicate areas of lungs involved. 


On October 24, the third day of disease, there was dullness, distant tubular breath 
ing and a few rales at the left base posteriorly. On October 25 the x-ray showed a 
shadow at left base, he appeared very ill and was cyanotic, coughing continuously. 
The temperature fell gradually from 106 on admission to 99.6 on October 26, the 
fifth day of disease, but rose again on the next day to reach 105.8 on the seventh 
day of disease. 


As the temperature rose he became more cyanotic, with rapid 
respiration, and on October 29, the eighth day of disease, dullness and rales ap- 
peared in the right interscapular region and an x-ray showed an additional shadow 
at root of right lung (Fig. 6a). The leucocytes remained low, 8,600. The condi- 
tion remained practically the same, the patient appearing desperately ill with 
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Fic. 7. CASE 7 
Top (a): X-ray of chest showing shadow in left lower lobe on September 13, 
1939, the second day of disease. 
Bottom (b): X-ray of chest showing extension and intensification of shadow in 
left lung field on September 16, the fifth day of disease. 
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Fic. 8. CASE 7 


lop (c): X-ray showing extension to right upper lung field on September 20 


the ninth day of disease. 


Bottom (d): X-ray of chest showing slight residual shadow near left root on 
October 23, 1939, the forty-second day of disease. 
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cough, dyspnoea and extreme cyanosis, only partially relieved by the oxygen 
tent. X-ray on Nov. 2, the twelfth day of disease, showed an extension of shadows 
(Fig. 6b). On November 3, the thirteenth day of disease, the temperature had 
fallen considerably, he seemed generally better and could be kept out of the oxygen 
tent for some period of time. The extensive signs in the chest, however, remained 
essentially unchanged, as did the shadows in the x-ray. By the fifteenth day of 
disease there was definite improvement, increasing numbers of coarse rales ap- 
peared at the left base, and in the interscapular region. The cough persisted and 
considerable quantities of yellowish purulent sputum were expectorated. Con- 
valescence progressed without complications, but it was not until one and a half 
months after the onset of the illness that the signs in the chest disappeared and the 
shadows in the x-ray cleared (Fig. 6c). During the acute illness repeated blood 
cultures showed no growth, and daily examinations of the sputum showed no 
pneumococci or haemolytic streptococci. As the disease progressed, haemolytic 
staphylococci appeared in the sputum in increasing numbers. These organisms 
persisted during convalescence, when on one occasion haemophilus influenzae was 
also obtained. 


Case 7. (Seen with Dr. W. Halsey Barker). W. G., a nurse 25 years old, was 
admitted to the Johns Hopkins Hospital (Hist. No.1 8042) on September 13, 
1939, complaining of ‘‘pneumonia.’’ She had generally been well except for 
bronchopneumonia as a child and tonsillectomy and adenoidectomy in 1920. 
Had been in excellent health until September 11, when she had headache, malaise 
and restlessness. On September 12 there was continued headache, drowsiness, 
nausea and photophobia. She had cough with fever and chilliness. An x-ray 
made on September 13 showed a shadow in left lung (Fig. 7a). There had been 
no chills, sweats, or sputum. She appeared sick, without cyanosis, dyspnoea, or 
herpes labialis. There was unproductive cough. Throat was reddened. ‘There 
was diminished respiratory motion of left chest with decreased tactile fremitus 
and voice sounds in left axilla, without dullness, modification of breath sounds, or 
rales. The heart was not enlarged. There were no murmurs. B. P. 95/60. 
The spleen was not palpable. Leucocytes were 7,C00. The urine showed no ab- 
normalities, culture from the blood gave no growth. There was a temporary fall 
in temperature on September 15, the fourth day of disease, with a subsequent rise 
and evidence from the physical signs of extension of the lesion in the lung (Fig. 7b). 
By September 18, the seventh day of disease, there was marked dullness over the 
mid portion of the left chest anteriorly with loud tubular breathing but no rales. 
The signs of pulmonary involvement rapidly spread, first in the left lung and 
later tothe mid portion of the right lung (Fig. 8c). The cough increased in 
intensity and was almost uncontrollable. There was little sputum. Cyanosis 
and dyspnoea became intense. The patient was constantly in an oxygen tent. 
By September 23, the twelfth day of disease, both lungs were extensively involved, 
except for the lower posterior portion of the left which remained entirely clear 


throughout the illness. On September 26, the fifteenth day of disease, the patient 
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seemed better, the temperature was lower, and great numbers of rales appeared 
in the chest. Improvement with resolution continued. A friction rub was heard 
in the left axilla. By October 23, the forty-second day of disease, the patient was 
convalescent and the lungs clear except for an area in the left anterior chest, where 
many rales still persisted. Recovery was uncomplicated (Fig. 8d). 

During the early days of the illness the leucocytes remained low, falling to 
4,900 on September 17, the sixth day of disease. There was a slight and gradual 
rise later to 13,300 on September 29, the eighteenth day of disease. Cultures 
from the sputum showed no pneumococci, haemolytic streptococci, or haemophilus 
influenzae, during the early stages. During the latter stages staphylococcus 
aureus and on one occasion haemophilus influenzae were found. ‘There were no 
tubercle bacilli. Agglutination reactions for B. tularense were negative. 


Case 8. R. T., a medical student 38 years of age, was admitted to the Johns 
Hopkins Hospital on February 16, 1939, complaining of fever and cough. He had 
had rheumatic fever as a boy. On February 15 he woke with malaise, cough, 
and fever. The cough increased, and he expectorated large amounts of mucoid 
sputum. He had a watery diarrhoea. There was no chill and no pain in the 
chest. 

When he was admitted the temperature was 104, the respirations 26. He was 
dyspnoeic and cyanotic. There was no herpes. There was no exudate in the 
throat. The chest was clear to percussion anteriorly, though there were rales 
on the left. In the left axilla the rales were numerous and breath sounds broncho- 
vesicular. Posteriorly the lungs were clear to percussion, though rales were heard 
on the left. The area of cardiac dullness was enlarged to the right. The first 
sound at the apex was sharp and snapping. There was a gallop rhythm with 
systolic murmur, and the second pulmonic sound was accentuated. B. P. 116/70. 
The liver and spleen were not palpable. Leucocytes were 9,650. The urine 
showed a trace of albumin but no casts or red blood cells. An x-ray showed area of 
consolidation in mid portion of left lung and at the root of right lung (Fig. 9). 
Sputum showed a few non-typable pneumococci. The blood culture gave no 
growth. 

On February 17 there was dullness in left interscapular and pectoral regions, 
and in left axilla and right interscapular region. There were many rales in these 
areas but no definite tubular breathing. The heart was not enlarged to the left. 
Presystolic and systolic murmurs were heard at apex, and a short diastolic murmur 
was heard along left border of sternum with accentuated second pulmonic sound. 
The sputum showed no pneumococci. There was a very transient fall in tem- 
perature from 105 to 100 and 102, with a rise later to 104.2. The patient grew 
rapidly worse on February 18. He became restless, deeply cyanotic, dyspnoeic, 
and delirious. The cyanosis and delirium were not relieved by the use of oxygen 
tent. Leucocytes were 9,750. On February 18 the signs of partial solidification 
had involved the entire left lung. On February 19 the leucocytes were 8,450. 
Cultures of sputum on the 18 and 19 showed no pneumococci or other pathogenic 
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bacteria. On the 20th the cyanosis was extreme, he was almost black, and he was 
wildly delirious. The chest was filled with rales. The temperature rose from 101 
to 102 to 105, the pulse rate from 130 to 180, and the respiration from an average 
of 32 to 44. He died on February 21, the seventh day of his disease. 

The autopsy (Dr. W. Buck) revealed ‘extensive bronchopneumonia; mitral 
stenosis and insufficiency, slight rheumatic thickening of tricuspid valve; pul 
monary oedema; moderate coronary arteriosclerosis; and a small chromophobe 
adenoma of hypophysis.”” The notes on the heart and lungs follow. 
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Cuart 7. Case 7. Female aet. 25. Temperature chart and curve of tatol 






























































leucocyte count. Note prolonged febrile course, extensive involvement of lungs 
as shown in diagrams, leucopoenia during early stage of disease, followed by moder- 
ate leucocytosis. 


Aulopsy #16265-—‘‘Heart: The heart is somewhat enlarged, weighing 470 
grams. The epicardium is smooth and glistening except for one so-called ‘milk 
patch” over the right ventricle. The great vessels come off normally. The 
endocardium is smooth and glistening though perhaps slightly thickened in places 
in the left ventricle. The tricuspid valve shows a slight amount of thickening 
along the line of closure and the chordae are somewhat thicker than normal. The 
pulmonary valve shows nothing. The mitral valve shows a moderately advanced 
mitral stenosis. The entire valve is greatly thickened along the line of closure 


and in one area it is calcified, while the chordae are thickened and shortened and 
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during life there must have been a marked narrowing of the orifice. The aortic 
valve appears normal. There is dilatation of the right ventricle and some hyper- 
trophy of the musculature, and the left auricle is definitely larger than normal 
though no rheumatic patch can be found. There is perhaps slight hypertrophy 
of the musculature of the left ventricle. Coronary arteries show occasional flecks 
of fat but are nowhere appreciably narrowed. The valves measure as follows 
tricuspid valve ring 15.0 cm.; pulmonary valve ring 8.5 cm.; mitral valve ring 6.5 
cm.; aortic valve ring 7.5 cm. 

“Lungs: The lungs feel heavy and boggy. ‘The pleural surfaces are everywhere 
smooth and glistening. The blood vessels show nothing remarkable. The 





Fic. 9. Case 8. X-Ray or CHEST SHOWING MoTTLeED SHADOW IN Mip PorTION 
oF Lerr LUNG AND SHADOW AT Root OF RIGHT LUNG ON 
Fes. 16, 1939, THE SECOND Day oF DISEASF 


bronchi, however, show everywhere greatly reddened mucosa and are filled with 
frothy pink material. There are areas in the left lower, upper, and right lower 
lobes which feel almost completely consolidated but on section these appear to be 
rather filled with fluid than consolidated. Indeed, every lobe shows a great 
amount of pinkish fluid in the alveoli, perhaps somewhat more in the lower than 
in the upper lobes. Here and there one can see and feel small patches of slightly 
raised dark areas, perhaps 2-4 cm. in diameter, which are perhaps small patches of 
consolidation. The hilar lymph nodes show nothing remarkable. 

“Lungs (Microscopical): There are several sections from the lungs, but in 
general they all show the same thing, though to a somewhat greater extent inthe 
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lower lobes. The bronchi everywhere are filled with a very thick exudate con 
sisting of about half polymorphs and half round cells. Their walls are everywhere 
infiltrated with round cells and occasional polymorphs, and all about the alveoli 
are solidly filled with round cells. The whole section appears very intense and in 
some places it is difficult to make out the smaller bronchi. The striking thing is 
the almost complete absence of polymorphs everywhere except in the bronchi. 
Bacterial stains fail to reveal organisms in either the alveoli or bronchi. There is 
one other striking change which is noted only in the larger bronchi, and that is 
squamous metaplasia of the bronchial epithelium which in places can be seen 
pushing up the normal epithelium and replacing it. 


R.T. Feb. 1939 
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Cuart 8. Case 8. Male aet. 38. Temperature chart and diagrams showing 
areas of involvement of lungs. 






































‘Elsewhere in the lungs the alveoli are air-containing or else filled with oedema 
fluid. This latter is especially noticeable in the lower lobes.” 

Inoculations made by Dr. Kindell of portions of solidified lung into mice and 
ferrets produced no positive results. 

Fig. 10 depicts the changes in the small bronchi surrounded by an area of pneu- 
monia. Fig. 11 shows the character of exudate within the alveoli. 


Case 9. S. F., a white man 40 years of age, was admitted to the Johns Hopkins 
Hospital (Hist. No. 170742) on June 6, 1939, complaining of shortness of breath 
and pain in the abdomen. He had been under observation for several vears on 


account of myocardial failure resulting from rheumatic heart disease. It was 
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believed that he suffered from aortic stenosis and insufficiency, with cardiac 
hypertrophy and dilatation and chronic nephritis. Recently the shortness of 
breath, orthopncea, cough with blood-tinged sputum, and oedema of feet, had 
increased. On admission the temperature was 99.4 and the lungs clear except for 
a few rales at the base of the left lung. On rest in bed and the administration of 
digitalis he improved and was discharged on July 9. During this stay in the hos- 





Fic. 10. CASE 8. PHOTOMICROGRAPH OF LUNG, Low Power, SHOWING BRONCHUS 
FILLED WITH CELLS, AND EXUDATE IN ALVEOLI 


pital he was in a bed next to A. B., a patient convalescing from ‘pneumonia, 
Variety X.” 
He was readmitted on July 29. He had had fever for four days and severe 
cough, with expectoration of yellowish sputum, followed by nausea and vomiting. 
He was acutely ill, coughing, sweating, dyspnoeic, cyanotic, hiccoughing, and 
occasionally expectorating blood-tinged sputum. The lungs were resonant, but 
breath sounds were diminished at right base where there were many fine moist 
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rales. The heart was enormously enlarged with loud systolic and diastolic mur- 
murs over the precordium. Bb. P. 165/62. There was no oedema. The urine 
showed 3+ albumin, red blood cells, leucocytes, and casts. Leucocytes were 
4,000. Polymorphonuclears 90 per cent, lymphocytes 3 per cent, monocytes 7 
per cent. The blood culture showed no growth. On July 29 the x-ray showed 
pneumothorax on the right with increased density over right lower lobe. The 





Fic. 11. Case 8. PHOTOMICROGRAPH OF LUNG, HIGH PowWER, SHOWING CHAR- 
ACTER OF EXUDATE IN ALVEOLI CONSISTING PRINCIPALLY OF 
MONONUCLEAR CELLS 


NPN was 58 mg. per 100 cc. on July 31. After a preliminary fall of temperature 
from 105 to 100.6 during the first two days in the hospital, the temperature rose 
again and remained between 102 and 104 for the remainder of the illness. He 
rapidly became worse, rales increased over the right chest and later were heard 
over the left lower chest. An x-ray on August 2 showed that the shadow on the 
right had extended to the entire lung field and that a shadow had appeared at the 
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left base. Herpes labialis appeared on August 6. He became comatose and died 
on August 9, the temperature rising to 107.2. 

During his illness he expectorated moderate amounts of purulent sputum. No 
definite pneumococci, haemolytic streptococci or haemophilus influenzae could 
be demonstrated in the sputum. No bacteria pathogenic for mice were found. 
There was a gradual rise of leucocytes to 10,400 on August 1. 

lutopsy #16513—(Dr. F. Otenasek) “Anatomical Diagnosis: Chronic rheu- 
matic endocarditis of aortic valve with calcification. Aortic insufficiency. Car- 
diac hypertrophy and dilatation. Generalized and coronary arteriosclerosis. 
Fine scars in myocardium. Chronic passive congestion lungs, liver, and spleen. 
Necrotizing pulmonary arteritis. Organizing pneumonia with hemorrhage. 
Lobular pneumonia. Purulent bronchitis. Chronic glomerular nephritis. Hy- 
perplastic femur bone marrow. Osteoarthritis. Pyelitis cystica, right kidney. 
Thrombosis periprostatic veins. Minute adenoma, right kidney. Haemorrhoids. 
Dilatation of pancreatic acini. Small subarachnoid haemorrhages. 

“Heart: The heart is enlarged, weighing 900 grams. Both ventricles are 
hypertrophied and dilated. The epicardium is smooth except for a small patch 
of old fibrin over the left ventricle. There is only a slight amount of fat over the 
surface. 

“The myocardium of the right ventricle shows no marked changes except for 
hypertrophy. The left ventricular wall is greatly hypertrophied. There is no 
scarring. 

“The endocardium is smooth and glistening. The valves are all delicate except 
the aortic. This is grossly incompetent and shows calcified nodules varying in 
size from several mm. to one cm. in the leaflets. The largest nodule is seen in the 
left cusp, while other prominent ones are seen in the posterior cusp. The com- 
missure between the right and posterior cusps is drawn down so as to give the 
appearance of a bicuspid valve. 

‘The coronaries show a few small sclerotic plaques, but there is no narrowing. 
The valves measure as follows: tricuspid valve ring 14.5 cm.; pulmonary valve 
ring 9.5 cm.; mitral valve ring 15.0 cm.; aortic valve ring 9.0 cm.; thickness, left 
ventricle 2.7 cm.; right ventricle 0.7 cm. 

‘Lungs: The pleura of the left lung is smooth and glistening for the most part. 
In the upper part of the lower lobe is a wedge-shaped area of consolidation, measur- 
ing 5 cm. in greatest diameter. The pleural surface here is black and is covered 
here and there with a fine fibrinous exudate. On section this part of the lung is 
dark red and haemorrhagic. ‘The bronchi are patent throughout but are consider- 
ably reddened. Some are filled with a tenacious mucoid material while others 
contain purulent material. On section a few small areas of consolidation are 
made out in the lower lobe; the upper lobe is soft throughout. The hilar lymph 
nodes are not remarkable. 

“The surface of the right lung is smooth. In the middle lobe there is a wedge- 
shaped infarct measuring 6 cm. in greatest diameter. The pleural surface is 
black in this region and the cut surface is haemorrhagic. The bronchi appear 
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the same as those described for the left lung. The lower lobe shows a few small 
areas of consolidation, while the upper lobe appears normal. 

“‘Lungs (Microscopical): The lungs show some organization of old exudate in 
the alveoli. In others there is haemorrhage. The alveolar walls are intact. 
Some of the smaller radicles of the pulmonary artery show necrosis and cellular 
infiltration of the wall. 

“In other regions there is fresher exudate in the peribronchial alveoli, which 
are filled with polymorphonuclear leucocytes. A few Gram-positive cocci are 
stained here. The sections from left upper lobe show fluid in the alveoli and also 
macrophages containing altered blood pigment.” 


DISCUSSION 

The several published accounts of a comparatively benign but 
special variety of pneumonitis conform so nearly to one pattern that 
there is little room for doubt that the disease should be considered as 
an entity. But the communications of Reimann and of Kneeland 
and Smetana (14), as well as the descriptions given here, show that 
the infection may also result in a very serious illness ending occa 
sionally in death. Whether, as some suppose, it is a new disease, 
would be difficult to determine, but forms of migrating broncho- 
pneumonia have in the past been more or less familiar, and at least 
one mild variety was often referred to as “non-specific basal 
infections.” 

There is abundant evidence to show that the infection is readily 
transmissible. Most of the reports refer to the occurrence of the 
disease amongst college students or in garrisoned troops. The recent 
cases reported by Reimann were observed during an epidemic of a 
respiratory infection in a hospital personnel. Kneeland and Smetana 
stress the readiness with which the infection may be transmitted, and 
this has been forcibly impressed upon us. Twelve of our patients 
had been in direct and often intimate contact, previous to the onset 
of their illness, with patients suffering from the same variety of bron- 
chopneumonia. In several instances there was evidence that the 
infection spread from one individual to another, involving several 
persons. Patient No. 7 was a nurse, but was not known to have come 
in contact previously with the disease. Patient No. 5 nursed Patient 
No. 7 for three weeks, and was taken ill seven days later. ‘“‘L”’ nursed 


Patient No. 5 and at the end of twenty-one days developed a severe 











BRONCHOPNEUMONIA OF UNKNOWN ETIOLOGY 301 


form. of the disease. S. K., the mother of Patient No. 5, who cared 
for this patient during the early part of hersickness, contracted, after 
nineteen days, a mild form of the disease. 

Patient No. 1, who suffered a very mild attack, was cared for by his 
mother for six days, while he was at home, and seventeen days after 
Patient No. 1 was admitted to the hospital, his mother was taken ill 
with this form of pneumonia which, however, pursued such a serious 
course that it was thought she might not recover. 

Nineteen days after the onset of the disease in Patient No. 3, her 
mother, M. D., became ill with bronchopneumonia, and after another 
interval of nineteen days, M. D.’s husband, R. D., suffered a mild 
attack of the same disease. 

Owing to the difficulty of arriving at a diagnosis, A. B. was not 
strictly isolated. Seven days after he was admitted to the ward, the 
interne who was in charge experienced a mild attack of broncho- 
pneumonia. Within fourteen to sixteen days, Patient No. 9, who 
was in the bed next to A. B. during his convalescence, became ill 
with bronchopneumonia; a second patient in the same ward experi- 
enced a mild attack of the disease, and an orderly who had cared for 
A. B. was first taken ill eighteen days after the admission of A. B. 
and suffered a moderately severe attack of lobular pneumonia. 

In addition to these groups of cases in which some idea may be 
gained as to the incubation period, the bronchopneumonia occurred 
in one house officer, one nurse, one medical student, and one x-ray 
technician who were constantly in contact with several of the patients 
mentioned in this report. Two other patients were doctors who 
may very well have been exposed to patients suffering from the disease. 
Our observations are, therefore, in accord with those of Reimann, of 
Kneeland and Smetana, and of others, and indicate that the incuba- 
tion period is comparatively long, extending in most cases over a 
period of about fourteen to twenty-one days. 

This study throws no light upon the etiology of the infection. 
Blood cultures made, often repeatedly, in twenty-seven of the thirty- 
two cases gave no growth. Agglutination reactions made with the 
blood serum from a number of cases to B. suipestifer, B. abortus, and 
B. tularense were negative. The occasional occurrence in the sputum 
of a few pneumococci which were not pathogenic and which could not 
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be typed, can have little significance. The appearance of haemolytic 
staphylococci in the sputum during the latter stages of the disease in 
two patients seems to show that secondary infections by pathogenic 
bacteria may occur. It was, however, somewhat surprising that this 
did not happen with greater frequency in this group of cases. The 
sputum from all patients was searched for tubercle bacilli, but none 
was found. No serious attempt was made to isolate a filtrable virus 
from the sputum or nasopharynx during life, but experiments in- 
stituted by Dr. Kindell to accomplish this with the solidified lung 
of one of the fatal cases resulted in failure. The results referred to 
by Reimann, and reported by Francis and Magill (13), are of uncer- 
tain significance, and the experience of Kneeland and Smetana shows 
that if a filtrable virus is the cause of the disease, it has not as yet been 
definitely identified. 

The disease possesses many features, nevertheless, which suggest 
that it might be caused by a filtrable virus. These are its con- 
tagiousness, the long incubation period, the inability to demonstrate 
by culture of the sputum or of the blood, or by agglutination reactions, 
that it is associated with any known pathogenic bacteria, and finally, 
the peculiarity of the pathological changes in the lung of the few cases 
examined, for the exudate in the alveoli has been found to consist 
largely of mononuclear cells. Polymorphonuclear leucocytes are 
noticeable by their absence. 

The clinical features of the affection appear sufficiently distinctive 
to allow one, even without knowledge of its etiology, to recognize the 
infection as a disease entity. The onset often with comparatively 
high fever, headache and sometimes sweating, accompanied regularly 
by rasping, non-productive cough that may become paroxysmal; 
the meagre signs of solidification of the lungs with spotty or dense 
shadows in the x-ray, the normal or slightly elevated leucocyte count, 
the infrequency of chill, pain in the chest, and rusty sputum, are all 
significant features. The course of the disease also presents interest- 
ing details. The persistence of symptoms and signs for a period of 
seven to fourteen days, even in the mild cases, is noteworthy; and the 
prolonged course, lasting three weeks or more in the severe infections, 
forms a striking feature. The migration of the pulmonary lesions 
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from one lobe to another in these cases is characteristic, while the 
disparity between the physical signs and the shadows seen in the roent- 
genogram has been frequently remarked upon. The appearance of 
many fine, coarse or explosive rales confined to one or another portion of 
the lung during convalescence is common. 

Both the febrile and the leucocytic reaction may arrest one’s at- 
tention. It has frequently been observed that the temperature, which 
may be 103 to 104 at onset, falls gradually during the first few days of 
the disease, reaching 99 or 100 on the fourth to sixth day, after which 
there is almost immediately a secondary rise of temperature. Fever 
then persists until the termination of the disease which takes place 
by lysis and not by crisis. This phenomenon is well illustrated in 
some of the accompanying charts. Since the secondary rise occurred 
in fifteen of the more severe and prolonged cases, it may be associated 
with a spread of the pulmonary lesion, for this occurred in almost all 
of these patients. Several patients received sulfapyridine, but it 
does not seem likely that these secondary rises of temperature were 
due to this drug, for they also occurred in patients who had not re- 
ceived sulfapyridine. 

The total number of leucocytes at the onset of the disease in most 
of our patients was within or slightly below the limits of normal, but 
as the disease progressed there was a definite rise in the total number 
of leucocytes, without great variation in the differential formula. This 
occurred in thirteen patients, the leucocyte count rising from an 
average of 5,000 to 7,000 during the early stages of the disease to 
between 12,000 and 18,000 during the latter stages. 

Though a complicating pleurisy has been described, it was notice- 
ably absent in our patients. 

It is generally agreed that sulfanilamide, sulfapyridine, and sulfa- 
thiazole, have no effect upon the course of the disease. The same 
conclusion was reached from the treatment of our cases by these drugs. 


CONCLUSIONS 


1. A description with illustrative examples is presented of a form 
of bronchopneumonia, designated for convenience’s sake “Variety X,” 
that occurred in thirty-two patients. 
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2. The disease commonly occurs in a mild form, but it may produce 
a serious illness or cause death. 

3. The clinical characteristics are sufficiently well defined to allow 
one to recognize it as a clinical entity. 

4. The disease is communicable and has occurred in localized 
epidemics. 

5. The incubation period is probably ten days to three weeks. 

6. The etiology is unknown, but it has been suggested repeatedly 
that it is caused by some form of virus. 

7. In the two fatal instances, both occurring in patients with chronic 
rheumatic heart disease, there proved to be areas of red solidification 
in the lungs. Microscopically there was peribronchial infiltration by 
cells predominantly mononuclear, with an exudate of the same type 
of cell in the alveoli. There was also oedema with great numbers of 
mononuclear cells and polymorphonuclear leucocytes in the bronchi. 


Grateful acknowledgement is made to Dr. Leslie N. Gay, Dr. W. Halsey Barker 
and Dr. A. Murray Fisher for permission to use the records of private patients 
under their care in the Johns Hopkins Hospital. 
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BOOK REVIEWS 


(These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of this Journal.) 


Psychiatry for Nurses. By Louis J. KARNosH and EpitH B. GAGE. 327 pp. 
Illus. $2.75. C. V. Mosby Company, St. Louis, 1940. 

This book of 310 pages and 29 chapters is a short text-book outline of formal 
psychiatry and psychiatric nursing. It follows closely the Kraepelinian classi- 
fication of mental disorders with considerable detail in new therapies such as those 
of sleep and shock treatments. It is illustrated with photographs of striking 
types of patients seen on chronic and acute wards of psychiatric hospitals. 

E. L. R. 


Die Funktion der Nebennierenrinde. By F. VeRzAR. 266 pp. Illus. 25 Swiss 
francs. Benno Schwabe and Co., Basel, 1939. 

The rapid and great increases in our knowledge of the chemistry and physiology 
of the adrenal cortex make this volume a timely one, for the author has succeeded 
in correlating a large body of data from widely scattered sources. From a dis- 
discussion of the historical background of the subject and the morphology of the 
adrenal cortex, the author proceeds to a description of the chemical studies of 
adrenal cortical extract which led to the isolation of crystalline substances capable 
of maintaining the life of adrenalectomized animals. 

In the remaining portion of the book the author attempts to correlate the 
disturbances in carbohydrate, fat and protein metabolism, and intestinal absorp- 
tion in adrenal insufficiency with a breakdown of the phosphorylation mechanism. 
The disturbances in electrolyte and water balance are regarded as secondary to 
these changes. This attempt to regard all of the changes in adrenal insufficiency 
as resulting from a fundamental breakdown of one phase of cellular metabolism 
(phosphorylation) is a stimulating one and may lead to a revision of our ideas 
concerning the relationship between the hormones and the vitamins. At present, 
the evidence is incomplete and open to more than one interpretation. The ideas 
presented, however, should suggest’ many new experimental approaches to the 
problem of the réle of the adrenal cortex in animal economy. 

The book is well printed and contains an extensive bibliography, but its use- 
fulness would be enhanced by the inclusion of a subject index. 

L. L. E. 


Clinical Roentgenology of the Alimentary Tract. By JAcoB BucCKSTEIN. 652 pp. 
Illus. $10.00. W. B. Saunders Company, Philadelphia and London, 1940. 
In its particular field this volume is unsurpassed by any written in English. 
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It is modern in its approach, being sufficiently comprehensive to be of value to 
both the advanced radiologist and gastro-enterologist. Illustrations are abundant, 
clinical and roentgenologic findings are nicely correlated by numerous case reports, 
and the engaging manner of description minimizes the impression that, at times, 
there is a tendency to too much detail. Distinctly not a handbook, it can be 
recommended unqualifiedly as a reference work and deserves to be included in the 
library of anyone interested in the subject. 
C. A. W. 


Text-Book of Psychiatry. By D. K. HENDERSON and R. D. GiLtEspre. 5th ed. 
660 pp. $6.00. Oxford University Press, London: Humphrey Milford, 
1940. (Oxford Medical Publications.) 

The fifth and newest edition of this standard textbook brings up to date a work 
which has always been in demand. The major additions have to do with the 
newest developments in the pathology and treatment of the schizophrenic states, 
a revision of the material on psychopathic personalities, and a survey of current 
work in the treatment of children’s disorders. Thus the book continues to main- 
tain its high status. While fundamentally psychobiologically oriented, it gives 
reference to the leading psychoanalytical concepts. Presentation of the material 
is clear and informative, the historical material available for these chapters being 
particularly concise and helpful. The book can be recommended wholeheartedly 
as one of the best available textbooks in the field. 


2. & <BR. 














THE SICKLING PHENOMENON, WITH SPECIAL REFER- 
ENCE TO THE DIFFERENTIATION OF SICKLE CELL 
ANEMIA FROM THE SICKLE CELL TRAIT 


I. J. SHERMAN, M.D 
From the Department of Medicine of the Johns Hopkins Hospital 


Submitted for publication July 1, 1940 


In 1910 Herrick (1) published a paper entitled ‘Peculiar Elongated 
and Sickle Shaped Red Blood Corpuscles in a Case of Severe Anemia.” 
This is accredited as being the first report of a case of sickle cell 
anemia. It was not until 1917 (Emmel (2)) that the sickling phe- 
nomenon was recognized to be a dynamic morphologic process. In a 
sealed wet preparation, erythrocytes of the normal discoid form would 
be found after a variable number of hours to have assumed crescentic 
and oat-shaped forms with sharply pointed and filamentous projec- 
tions. Emmel observed this not only in the blood of certain negroes 
who had a characteristic and severe hemolytic anemia, but also in 
the blood of certain other negroes who were quite healthy. The 
former were considered to have sickle cell anemia, the latter to possess 
only the sickle cell trait. Huck (3) in 1923 presented evidence strongly 
indicating that this phenomenon was a property of the red blood cell 
itself, inherited by the individual according to the Mendelian Law. 
In 1927 Hahn and Gillespie reported studies which led them to con- 
clude that sickling is a reversible phenomenon directly related to the 
oxygen tension and hydrogen ion concentration. They presented 
the hypothesis that the cells are sickled when the hemoglobin is in 
the uncombined (reduced) form and are of the normal discoid shape 
when the hemoglobin is in the combined form (oxy- or carboxy- 
hemoglobin). 

The wet preparation method, which has been in general use since it 
was introduced by Emmel as a test for the sickling phenomenon, yields 


1 Henry Strong Denison Scholar for 1939-40. Aided by the Parke Davis and 
Company Grant for Studies in Hematology. 
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results which are inconsistent and variable (4, 5, 6). Other methods 
have been devised (Hahn and Gillespie (7), Beck and Hertz (10)) 
but have apparently not proved sufficiently superior to replace it. 

The development of a rapid and reliable test method was one of 
the objectives of this study. An attempt has been made to elucidate 
the external conditions under which sickling will occur, and an in- 
quiry has also been made into the physiologic basis for the differ- 
ence between sickle cell anemia and the sickle cell trait. 


EXPERIMENTAL STUDIES 


I. The relation of fixatives to the sickling phenomenon 


It is generally accepted that the exposure of sickled cells to air will 
cause them to revert to the normal discoid form, the completeness of 











TABLE I 
Fixation of cell suspensions 
PERCENTAGE OF SICKLE CELLS 
FIXATIVE 
A B 
Formalin 10 per cent (saline)..................... 90 0 
i xs 0.0 dK echinkdade i aca wot ede 90 0 
i ob. Ls 5 dis a ood anes radeenwd 90 0 
Formol-Zenker’s solution.....................05: 90 0 








this reversal being directly related to the amount of exposure. To 
prevent morphologic changes during the process of examination, 
the Beck and Hertz technique makes use of formalin fixation. Suff- 
cient question had been raised as to the action of various fixatives 
upon the morphology of the red cells to warrant investigation of this 
point before they were employed. 

Method. Portions of a well mixed cell suspension (under oil) 
were placed anaerobically under oil in four small test tubes. With 
each specimen was mixed an equal quantity of a different fixative, 
care being taken to avoid the admission of air. After a few minutes 
for fixation, samples were withdrawn for microscopic examination. 
Two different cell suspensions from the same patient, as listed ‘here 
were used: 
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Series A. Washed cells in saline, under oil for 48 hours at 35.5°C. 

Series B. Oxalated whole blood thoroughly oxygenated. 

Results, in the estimated percentage of cells sickled, are shown in 
Table I. That none of the fixatives caused any extensive reversal of 
sickling is amply demonstrated by the finding of 90 per cent sickle 
cells in each fixation of series A. The erythrocytes in series B were 
oxygenated until microscopic examination revealed a complete ab- 
sence of sickling. That no sickling was present after fixation is 
direct proof that none of these fixatives of itself caused sickling to 
occur. It is also obvious that these fixatives did not differ among 
themselves in these respects. Fixation would therefore appear to 
be very useful in dealing with cell suspensions as a means of “freezing”’ 
the cell morphology at any stage so that the cells can then be exposed 
to air and examined. 


IT. Sickling in sealed standing preparations 


Preliminary studies indicated that certain variables; namely, 
temperature (mentioned by Sydenstricker (11)), white blood cell 
concentration, bacterial contamination, hemoglobin concentration, 
and simple saline dilution, are related to the occurrence of the sickling 
phenomenon in sealed standing preparations. To demonstrate this 
clearly the following experiment was performed on blood from each 
of five patients, three with sickle cell anemia and two with the sickle 
cell trait. 

Method. In each case the cells of a single oxalated blood specimen, 
washed three times with isotonic saline, were used. The upper por- 
tion of the sedimented cells (including the buffy coat) provided a 
sample with a high white cell concentration. The remainder pro- 
vided a sample with a low white cell concentration. A non-hemolytic 
strain of Staphylococcus albus was used to demonstrate the effect of 
bacterial contamination. Hemoglobin concentration was controlled 
by dilution with saline. One sample was divided into three parts for 
the demonstration of temperature effects. Pure oxygen was bubbled 
through each sample to eliminate the variable factor of incomplete 
oxygen saturation. In this way eight test samples were set up: 

A. Hemoglobin low, reduced white cell concentration. 

B. Hemoglobin low, high white cell concentration. 
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D. Same as B, to be run at room temperature. 
C. Same as B, to be run at ice box temperature. 
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E. Same as A, to be inoculated with Staphylococcus albus. 







































































TABLE II 
aE SICKLING, IN PER CENT 
ze = 
Ag | W-B.C. £ 
32 a. 4 BACTERIA elelelelelels 
8 Ts a 315/2/38/ 3/812 
3 : 5) 2|3|2/2|2/3 
m = a a _ -|a le 
°C. 
A | 6.8 | 1,300 |35.5 Sterile 2|7 1] 7 |13 | 15) 16) 30 
B | 6.9 |15,950 |35.5 Sterile 11 |21 (40 |78 | 89) 93) 91 
Case 1 C |} 6.9 |15,950 |25 Sterile 0/;0;0/;/1] 1 14) 3 
(R. N.) D | 6.9 |15,950 | 9.5 Sterile 01/0/;0/0/; O} OO 
Sickle cell | E | 6.8 | 1,300 |35.5 Staph. albus | 6 |32 |83 |90 | 95) 98) 88 
anemia FP | 2.31 $35 35.5 Sterile 9 |23 |23 |32 | 41] 60} 14 
G /17.0 |15,000 |35.5 Sterile 6 {16 |21 |26 | 46] 81) 90 
H | 6.9 {15,750 |35.5 Sterile 6 |22 |35 |65 | 91) 89) 95 
A | 6.4 | 2,250 |35.5 Sterile 3|6]|7 | 8} 12} 10) 10 
Case 2 B | 6.4 |24,550 |35.5 Sterile 20 |29 |37 |42 | 47} 42) 52 
(E. A.) C | 6.4 |24,550 |25 Sterile 1 | 1] 7 |10 | 27| 14) 18 
Sickle cell D | 6.4 |24,550 | 9.5 Sterile 0;0;0/0; OF 0 0 
anemia E | 6.4} 2,250 |35.5 Staph. albus | 3 | 6 |\24 |34 | 42) 42) 41 
(Recently trans-| F | 3.2 {12,275 |35.5 Sterile 10 | 9 |17 |25 | 35} 46) 0 
fused) G |16.0 |23,000 |35.5 Sterile 1 | 7 |14 |17 | 25) 22) 45 
H | 6.2 |23,150 |35.5 Sterile 10 |20 |37 |43 | 49) 43) 46 
A | 5.3 | 3,000 |35.5 Sterile 4 |10 {10 {15 | 11) i5) 11 
B | 5.7 |22,450 |35.5 Sterile 27 |31 |44 |53 | 88} 88) 82 
Case 3 C | 5.7 |22,450 |25 Sterile 2|3 12 |11 | 6} 4 30 
(W. R.) D | 5.7 {22,450 | 9.5 Sterile 0/0;0/0/; 0} OO 
Sickle cell E | 5.3 | 3,000 |35.5 Staph. albus | 7 |37 |88 |89 | 95} 96) 78 
anemia F | 1.9 | 7,500 |35.5 Sterile 7 |27 |37 |39 | 35) 65) 64 
G /|10.0 |24,050 |35.5 | Sterile 7 |20 |28 |30 | 40) 61) 53 
H | 5.8 |20,090 |35.5 | Sterile 10 |32 |51 |74 | 96] 91] 90 
A. Hemoglobin low, reduced white cell concentration. 
B. Hemoglobin low, high white cell concentration. 
C. Same as B, run at room temperature. 
D. Same as B, run at ice box temperature. 
E. Same as A, inoculated with Staphylococcus albus. 
F. Same as B, but diluted by addition of isotonic saline. 
G. Hemoglobin concentration high, white cell concentration high. 
H. Same as B, but supernatant saline removed and patients own oxalated plasma 


replaced. 
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TABLE IIl—Concluded 





















































& z SICKLING, IN PER CENT 
G oa 
ie W.B.C. Pp 
g® PER < BACTERIA - egieglelele 
— ) 2 3)5/2/2/818/28 
a 3 A; Scialialialala 
i f zilnizisiszisis 
Cc. | 
A |6.6| 550 |35.5| Sterile 0/0/0!/0!] of oo 
B | 7.0 | 6,350 |35.5 | Sterile 0/0!/0/0! Oj 12) 10 
aie C | 7.0 | 6,350 |25 Sterile Oolololo} of of — 
c.W) D | 7.0 | 6,350 | 9.5 | Sterile 0}0/0/0! of oO Oo 
i . |E |6.6| 550 135.5 | Staph. albus | 0|0|0| 3 | 10} 35] 90 
Sickle cell trait | — | 3.5 | 3,175 |35.5| Sterile olololo!] o oo 
G |14.0| 7,150 |35.5 | Sterile 0}/0/0/0!] oO 3} 0 
H | 7.5 | 8,000 |35.5 | Sterile 0} 0/01] 0| 11] 20) 21 
A |6.8| 350 |35.5| Sterile 0/0/0/0!] oF OO 
B | 6.7 | 3,350 |35.5 | Sterile 010|0/0 \<1l<1\<1 
— C | 6.7 | 3,350 |25 Sterile 0}/0/0/0] of oo 
U.N) D | 6.7 | 3,350|9.5| Sterile 0;/0/0/0!| of Oo 
Sickle cell trait | © | 9-8 | 350 |35-5 | Staph. albus | 0 | 8 |15 |15 | 16] 18) 74 
F | 2.2 | 1,150 |35.5 | Sterile 0/0/0/0!| of Oo Oo 
G [18.0 | 3,150 |35.5 | Sterile 0}/0/0/0! of of Oo 
H | 6.5 | 3,950 |35.5 | Sterile 0/0/0/0! o| oO 10 





F. Same as B, but diluted by addition of isotonic saline. 

G. Hemoglobin concentration high, white cell concentration high. 

H. Same as B, but supernatant saline removed and patient’s own 

oxalated plasma replaced. 

Six drops of each sample were placed in each of seven small test 
tubes and sealed with a layer of oil one centimeter deep. Aseptic 
technique was employed throughout except for the inoculation of one 
series with Staphylococcus albus. All samples were incubated except 
those of the two series which were to demonstrate the effect of lower 
temperatures. At intervals, about 0.5 cubic centimeter of isotonic 
saline formalin? was mixed anaerobically with the cells of successive 
tubes of each series.? The fixed cells were then examined in a wet 
preparation, the percentage of sickled cells being determined by the 
examination of 200 cells. 


? Neutral solution of ten per cent formaldehyde containing 0.85 gram of sodium 
chloride per hundred cubic centimeters. 
* This is essentially the technique of Beck and Hertz (10). 
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Results, charted in Table II, were consistent in all five cases. It is 
apparent that the rate and amount of sickling, when other factors 
are relatively constant, vary directly with the white blood cell con- 
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Fic. 2. THe Drrect RELATIONSHIP OF SICKLING TO TEMPERATURE 
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centration and with the temperature. Bacterial contamination 
augments considerably the occurrence of sickling. There seems to be 
no difference between isotonic saline and oxalated plasma as suspen- 
sion media. Dilution by the addition of isotonic saline, and an in- 
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crease in the hemoglobin (i.e., red blood cell) concentration are each 
found to cause a retardation of the sickle cell phenomenon which 
is less marked but quite consistent. 
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Fic. 3. THE ACCELERATION OF SICKLING BY BACTERIAL CONTAMINATION 
(PATIENT R. N.) 
A. Sterile. E. Inoculated with Staphylococcus albus 
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Fic. 4. COMPARISON oF IsoTONIC SALINE AND OXALATED PLASMA AS SUSPENSION 
Mep1A (PATIENT R. N.) 
B. Isotonic saline. H. Oxalated plasma 
III. The production of sickling by reduction of the oxygen tension 


The failure of the test method of Hahn and Gillespie (7) in the 
hands of several workers (6, 8, 9) is of particular importance because 
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of the fundamental conclusions arrived at with this method. We 
therefore attempted a study of the réle of oxygen tension in the sick- 
ling phenomenon by this and also by a new method. 
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Fic. 5. RETARDATION OF SICKLING BY SIMPLE SALINE DILUTION (PATIENT R. N.) 
Two samples from the same specimen, but the volume of F was tripled by the 
addition of isotonic saline 
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Fic. 6. RETARDATION OF SICKLING BY INCREASED ERYTHROCYTE CONCENTRATION 
(PATIENT R. N.) 
B. Hemoglobin =6.9 grams per cent. G. Hemoglobin = 17.0 grams per cent 


Method. The apparatus used was the same as that described by 
Hahn and Gillespie (7), with the addition of a water-sealed outlet 
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SICKLING PHENOMENON 


which was considered important because it provided a closed system 
and immediately revealed leaks.‘ 

Results (Table I11) were obtained in from two to five minutes. 
When the blood of a patient with sickle cell anemia or the sickle 
cell trait was used, sickling always occurred in high percentages in 
buffered suspensions when the air in the chamber was replaced by 
carbon dioxide or nitrogen, and reversal to the normal discoid form 
always occurred when air or oxygen was readmitted. This cycle 
could be repeated at will. 


TABLE Ill 
Production of sickling in a hanging drop exposed to an atmosphere in which air was replaced 
g ging ] 


by carbon dioxide or nitrogent 


. " SALINE DILUTION 6.8 BUFFER DILUTION 

OXALATED BLOOD 10 To 1* 10 To 1* 

COz Ne COz No COz N2 
C. W. (trait) 0 ++ +--+ + +4 + 4. of. 
M. C. (trait) + + + + 4. 1 fn ah hod 
J. N. (trait ae ++ + 4. 4. fe of hele 
J. H. (anemia) + 4. 4. +--+ dont. fn afe sfnae 
E. A. (anemia) + a + +--+. of af dnahe 
Control 0 0 0 0 0 0 


* Ten parts of solution to one part of oxalated blood 
+ Estimates refer to the classical sickle forms only. 
0 = No sic kle cells observed. 


+ = Small percentage of sickle cells observed. 
++ = Large percentage of sickle cells observed. 


In the course of this experiment a new form of “‘sickle’’ cell (Fig. 
7b) was observed. As pictured, this is usually round in outline but 
has a very granular appearance with an irregular central clear zone. 
When nitrogen was run into the chamber suddenly and in a rapid 
stream this form appeared in percentages above ninety, and the usual 
type of sickle cell was seen only rarely. With the admission of oxy- 
gen to the chamber these ‘“‘granular”’ or “holly wreath” forms rapidly 


‘The gas chamber outlet was extended by the addition of rubber tubing to 
approximately two centimeters below the surface of the tap water in a beaker 
Cells were observed with the oil immersion lens throughout the process, in a drop 
hanging from the roof of the chamber. 
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resumed the normal glassy homogeneous appearance. When the 
oxygen was then slowly replaced by nitrogen, a large percentage of the 
cells assumed the classical sickle forms. This indicates that some of 
the erythrocytes underwent both of the morphologic reactions, 
neither of which could be obtained in the blood of normal controls. 

To further demonstrate the basic réle of oxygen tension a method 
for producing the sickling phenomenon by lowering the oxygen 
tension in another way was devised. 

Method. A few drops of a cell suspension composed of twenty parts 
of isotonic buffer (pH 6.8) to one part of oxalated blood were placed 





Fic. 7A Fic. 7B 


Fic. 7A. CLASSICAL SICKLE CELLS 
Fic. 7B. THe ““GRANULAR” Forms oF “SICKLE”? CELLS 


in a Thunberg tube® which was shaken continuously while the pres- 
sure was reduced by means of a water pump. Since rapid evacuation 
was found to cause a higher percentage of ‘‘granular’’ forms, the pres- 
sure was reduced gradually. When the desired low pressure had 
been reached the tube was sealed by a turn of the stopper. The 
sidearm was then filled with saline formalin and sealed with a rubber 
cap. In this way the fixative could be admitted to the Thunberg 
tube without the entrance of air. After a few minutes were allowed 
for fixation, the tube was opened and the cells examined micro- 
scopically. 


5 A pyrex tube with a single sidearm outlet which can be closed by a turn of 
the ground glass stopper. 
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Results. With adequate reduction of pressure a high percentage of 
the red cells of patients with sickle cell anemia or the sickle cell 
trait assumed the classical sickle forms in every instance (Table IV). 
As evidence that this effect was due to the lowered oxygen tension 
and not simply to lowered atmospheric pressure, it was found that 
the restoration of one atmosphere of pressure by admitting carbon 
dioxide to the tube after evacuation did not alter the results. 














TABLE IV 
Reaction of erythrocytes in buffered suspension to reduced atmospheric pressure 
MANOMETER RESULTS 
PATIENT agg 
umscony | ticells | granelas oxme 
nL {5 Cet cewecetwe amie 20 50 50 
DS cos cat dba khwawh ered ew Aad 12 90 & 
ool aa beens walwawee <¥ 12 70 30 
EER eI nc 12 90 0 
EL 2.45 dadoes revdewnpr els wndes 12 90 5 
NT. 5. 3San cen eeweree ser akeus ons 12 70 30 
Se bitinha 5a Se ceeemninih ei tdaad ues «Ait 14 0 0 
ES 3 eer bares ieee, aera 14 0 0 














IV. Differences in the sickling phenomenon in sickle cell anemia and 
in the sickle cell trait 


Why some individuals whose erythrocytes are capable of sickling 
remain apparently normal while others are afflicted with an intrac- 
table anemia is a question of great interest. It is known that prac- 
tically all the erythrocytes of a patient with either condition are 
capable of sickling. Diggs (6) pointed out that im sealed wet prepa- 
rations the erythrocytes of patients with sickle cell anemia sickled 
more rapidly and in higher percentages than did the erythrocytes of 
a patient with the sickle cell trait. Interpretation of this finding 
in the light of the variable factors which we have demonstrated (es- 
pecially white blood cell concentration, invariably elevated in sickle 
cell anemia) would appear to deprive it of significance, but when 
these variables are controlled the difference described by Diggs 
becomes even more marked (Table II). 
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We sought to explain this experimentally on the basis of a differ- 
ence in the erythrocytes themselves. 

Method. The vacuum technique described on page 318 was em- 
ployed. To insure identical conditions two Thunberg tubes, one 
containing cells of a patient with the sickle cell trait, the other con- 
taining cells of a patient with sickle cell anemia, were run simultane- 
ously, connected by a T tube. The percentage of sickle cells was 
determined after the application of each of various degrees of reduced 
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Fic. 8. PRopucTION OF SICKLING BY REDUCED ATMOSPHERIC PRESSURE 

Each curve is based upon the total determinations done with the blood of 
two patients. Each determination was obtained in parallel with a determination 
on the other curve. 


Results. The findings of two such experiments with cells from 
four patients are plotted in Figure 8. 
>> A much lower atmospheric pressure, 7.e., a much lower oxygen 
tension, is required to produce sickling of the cells of a patient with 
the sickle cell trait than of those of a patient with sickle cell anemia. 
Additional evidence of this essential difference was obtained from 
preliminary experiments in which it was observed that this method 
at pressures of approximately 50 mm. of mercury regularly produced 
sickling of the erythrocytes of four patients with anemia and com- 
pletely failed to cause sickling of the corpuscles of three patients 
with the sickle cell trait. 
By means of a technique which we have devised to demonstrate 
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the presence or absence of sickled cells in the circulation, this differ- 
ence was found to have significant “‘in vivo’’ effect. 

Method. The dead space in a Luer syringe is filled with white 
oil, the excess being expelled. The needle is then attached, and blood 
is drawn in the usual manner. Without exposure to air, about 1 c.c. 
of the blood so obtained is injected into 2 or 3 c.c. of saline formalin 
under oil. After a few minutes allowed for fixation, the blood can 
be examined microscopically. Theoretically, objection could be 
raised to the air bubble which enters the syringe from the lumen of 
the needle, even though it is quickly sealed off by the oil. However, 
control tests using a sterile syringe and sterile white oil in both the 
syringe and lumen of the needle yielded essentially the same results, 
and it was decided to leave the technique in its simplified form. 

Results. Sixteen such tests on eleven patients with sickle cell 
anemia showed that in every case between 30 per cent and 60 per 
cent of the erythrocytes were in characteristically sickled forms in 
the venous circulation. Eight such tests on six patients with the 
sickle cell trait showed no sickle cells in the venous circulation in 
four instances, and only a rare sickle cell (less than 1 per cent) in 
each of the remaining tests. Application of a tourniquet for ten 
minutes before the test failed to show any marked effect in cases of 
sickle cell anemia or of the sickle cell trait. This method thus provides 
a quick and simple diagnostic test for sickle cell anemia, differentiating 
it from sickle cell trait which has no apparent clinical significance. 

Arterial puncture performed in this manner in four instances on 
three patients with sickle cell anemia revealed that from 5 per cent 
to 20 per cent of the erythrocytes were of a form best described as 
“incompletely sickled.”” These cells were elongated, many were semi- 
lunar, but practically none possessed filamentous ends. Venous 
blood obtained at the same time from these patients showed between 
40 per cent and 60 per cent of more definitely sickled cells. 


COMMENT 


The experimental evidence presented indicates that neither forma- 
lin nor Zenker’s solution causes any change in the amount of sickling 
in cell suspensions. Their action is limited to fixation, and as such 
has been found useful. Various reports on the pathology of sickle 
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cell anemia (7, 9, 12) emphasize the presence of sickled cells in tissues 
fixed with formaldehyde and their absence in tissues fixed with Zenk- 
er’s solution. In view of the complexities of tissue fixation and the 
uncontrolled aeration of these blocks of tissue before fixation, this 
reported difference is difficult to interpret. 

We have been able to repeat a fundamental part of the work of 
Hahn and Gillespie (7). The vacuum technique adds further sup- 
port to their hypothesis as to the basic réle of oxygen, but the actual 
mechanism of the sickling process remains unknown. In this con- 
nection we wish to report without interpretation the observation that 
under the polarizing microscope characteristic sickle cells exhibit a 
definite birefringence which disappears after aeration of the cells and 
the consequent return to the normal discoid form. 

The “granular” or “holly wreath” form of sickle cell which we have 
described is of interest as it can be assumed to be another morphologic 
reaction attributable to an inherent abnormality in the erythrocyte. 
This new form is not only produced by the gas chamber and vacuum 
methods, but is also found occasionally in the circulation by means 
of the vena puncture test method which we have described. 

The finding that certain variable factors are directly related tothe 
occurrence of sickling in sealed standing preparations furnishes 
evidence for the theory that sickling in these preparations is produced 
by a lowering of the oxygen tension as the result of metabolic activity. 
Saline dilution and increased oxyhemoglobin concentration, found 
to retard sickling, are factors which increase the initial oxygen content 
of the preparation. Increased white cell concentration, higher 
temperature, and bacterial contamination, each found to accelerate 
sickling, are factors which increase the metabolic activity in the prepa- 
ration. The demonstration of these variables also offers an explana- 
tion for the inconsistent results obtained with the sealed wet prepa- 
ration method. 

That sickling of the erythrocytes of a patient with the sickle cell 
trait requires a lower oxygen tension than does sickling in an instance 
of sickle cell anemia, is a significant finding. This factor, rather than 
anoxemia (Hahn and Gillespie (7)) which in certain instances may 
play a contributing part, probably explains why sickling occurs in 
vivo in patients with sickle cell anemia but not in patients with sickle 
cell trait. By demonstrating high percentages of sickle cells in the 
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venous circulation of patients with sickle cell anemia, the anaerobic 
vena puncture method which has been described serves as a diagnostic 
test for this disease, differentiating it from the sickle cell trait. We 
have not as yet been able to apply this test method to an individual 
with the sickle cell trait who had a coincident very severe anemia, 
and the question can be raised as to whether a very severe anemia 
results in an oxygen tension in the venous circulation so low as to 
cause sickling of the erythrocyte of the patient with the sickle cell 
trait. Any condition resulting in severe cyanosis probably could. 
In such uncommon instances, this method as a diagnostic test for 
sickle cell anemia might yield falsely positive results. 

In sickle cell anemia the finding of much less extensive sickling in 
the arterial circulation than in the venous circulation indicates that a 
cyclic morphologic change occurs in a large percentage of the erythro- 
cytes with each passage through the systemic and pulmonary circu- 
lations. If this constantly changing morphology decreases the life 
span of the erythrocytes it could of itself cause a hemolytic anemia 
such as we find in these patients. 


SUMMARY 


Increased leukocyte concentration, temperature elevation, and 
bacterial contamination have each been found to accelerate sickling, 
while saline dilution and increased oxyhemoglobin concentration have 
been found to retard the occurrence of sickling in sealed standing 
preparations. This furnishes an explanation of the inconsistency of 
results obtainable with this method, and also supports the theory 
that sickling in these preparations is brought about by the lowering 
of the oxygen tension due to metabolic activity. 

The basic réle of oxygen tension in the sickling phenomenon and the 
reversibility of this phenomenon has been demonstrated. 

It has been found that certain fixatives do not alter significantly 
the amount of sickling in cell suspensions. 

A new morphologic reaction of the erythrocyte which is capable of 
sickling has been described. It has not been observed in normal 
erythrocytes. 

A difference between sickle cell anemia and the sickle cell trait 
with regard to the oxygen tension at which sickling will occur has been 
reported. 
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Sickle cells have been found regularly in high percentages in the 
venous circulation of patients with sickle cell anemia, but this has 
not been found in the peripheral circulation of patients with the sickle 
cell trait. 

In patients with sickle cell anemia, sickle cells have been found in 
higher percentages in the venous circulation than in the arterial cir- 
culation. 

A method has been described which furnishes a rapid test for 
sickle cell anemia, differentiating it from the sickle cell trait. 


Grateful acknowledgement is given to Dr. M. M. Wintrobe of The Johns 
Hopkins Medical School and Hospital, who guided this work. 
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A review of the work (600 papers) on cancer immunity by Woglom 
(1929) shows the widely conflicting conclusions reached by the workers 
in this field. Investigators utilizing spontaneous tumors (human 
and animal) claim that no method for bringing about a regression of 
a tumor or the development of immunity in the animal in which the 
tumor originated has been discovered; other investigators using 
transplanted tumors claim to have secured regression of the tumor 
and development of immunity in animals in which tumors regressed 
spontaneously or were excised. 

Some workers claim that animals can be rendered immune from 
tumor growth by one or more previous injections of inactivated 
tumor tissue, of blood and tissue from immune animals, of blood from 
normal animals, and of skin from embryos, while others deny that 
immunity can be brought about in this manner. 

The majority of tumors used in the past and even today arose in 
animals of unknown genetic constitution, and were grafted into 
animals of any available strain in which a reasonable percentage of 
growth took place, so that, in general, the malignant cells of the 
transplanted tumors described by other investigators grow in an 
environment to which they are somewhat foreign and often illy 
adapted. This leads to the lowered growth energy and regression of 
the tumors and to reactions on the part of the host resulting in im- 
munity. 

Many of the tumors used by earlier investigators grew in only 40 
to 60 per cent of the animals into which they were transplanted, and 


! Aided by a grant made to Dr. Warren H. Lewis by the International Cancer 
Research Foundation. 
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these growths regressed in as many as 30 per cent of the hosts. It is 
quite possible that the results obtained with such material were due 
to the foreign nature of the tumor cells, the host’s resistance being 
against strange tissue rather than malignant tissue, and in that case, 
injections of foreign proteins such as inactivated tumor tissue, blood, 
tissue from immune animals, and skin from embryos might render 
the treated animals more resistant than the normal animal to implan- 
tations of this type of tumor tissue. 

Lately the development by geneticists (Bagg, Little, Strong, 
MacDowell, Bittner, and others) of pure inbred strains of mice carried 
through many generations by brother to sister matings, has furnished 
material with known genetic constitution that, barring possible 
mutations, can be depended upon to retain that constitution through 
future generations. The tumors that arise spontaneously in these 
pure inbred mice have proved to be 100 per cent transplantable with 
no regressions in mice of the tumor’s strain of origin. 

Andervont (1935) showed that although the individuals of each of 
the pure inbred strains have their cancer-susceptible or cancer-re- 
sistant constitution in regard to spontaneous growths, when young 
mice of each of these strains were injected subcutaneously with 0.8 
mg. of dibenzanthracene dissolved in 0.4 c.c. of sterile lard or olive 
oil, they developed malignant sarcomata at the injection site. 

In our studies (Lewis and Lichtenstein, 1937 and 1939) of 280 
dibenzanthracene-induced sarcomata?, it was found that every one 
of them was 100 per cent transplantable into mice of their strain of 
origin and that in no instance did one of these tumors regress in a 
mouse of its own strain. The great majority of these sarcomata were 
strain specific, that is, a graft grew into a progressively growing tumor 
only when transplanted into a mouse of the pure inbred strain in which 
that particular tumor originated, although when implanted into mice 
of other strains, the cells survived and multiplied for a short time 
surrounded by a cystlike reaction of the host’s tissue. A few of the 
tumors were peculiar in that they grew to a palpable tumor size when 
implanted in mice of any one of the four strains, but the tumor growth 


2 We are indebted to Dr. H. B. Andervont who instructed us in his method 
(1935) of inducing tumors in mice, and who presented us with our first dibenzan- 
thracene. 
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later regressed in mice of strains other than that in which they had 
originated. 

Studies of six tumors of the latter type showed that the growth of 
any one of them in a mouse of its strain of origin did not render that 
host immune from the growth of later grafts of that tumor or of any 
one of the tumors that had originated in mice of that strain. On the 
other hand, the growth and regression of one of these tumors in an 
alien strain mouse brought about some changes in the host which 
prevented the growth in that animal of a second implant of that par- 
ticular tumor, but not necessarily of another tumor. Mice that had 
been rendered immune from the growth of one or several of the tumors 
that originated in mice of other strains remained susceptible to the 
growth of a tumor that had originated in a mouse of its own strain, 
and every one of the tumors that were grafted into mice of the strain 
in which it had originated, grew progressively in them regardless of 
the number of alien strain tumors that were growing or had grown 
and regressed in these hosts. 

Thus we were fortunate in having for our studies six tumors that 
grew progressively in every one of the mice of their own strain into 
which they were engrafted and brought about the death of the host, 
and that grew in mice of other pure inbred strains, followed by 100 
per cent regression of the tumors that grew in the alien strain hosts. 
By means of these tumors, we were able to be certain of obtaining 
any desired number of animals immune from tumor growth cor- 
responding to the immune animals secured through regression by other 
investigators (Woglom, Andervont, Gardner, Murphy, and others). 
On the other hand, since the six tumors originated in mice of pure 
inbred strains, we were able to study the primary induced tumors in 
the animals in which they developed and to compare the behavior of 
these tumor cells when transplanted into hosts of identical genetic 
constitution and into hosts of other pure inbred strains, as MacDowell 
has done in studies of mouse leukemia. 

The term immunity used throughout this communication is in- 
tended to convey only the meaning implied in its definition, “freedom 
from complying with certain obligations imposed upon a community,” 
while by resistance is meant the quality of “not yielding to.” For 
instance, mice of pure inbred strains are resistant to the growth of an 
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implant of a tumor that originated in a mouse of another strain, while 
those mice in which a tumor grew and regressed are immune from 
the growth of another implant of the same tumor. 

The present investigations upon tumor immunity were undertaken 
in an effort to determine (1) the time during the growth of a tumor 
when immunity develops, (2) whether the development of tumor im- 
munity is dependent upon the survival and growth of tumor cells 
in the host, and (3) whether it is possible to bring about in mice of 
pure-inbred strains an immunity from the growth of tumors that 
originated in mice of the strain of the host as well as those that origi- 
nated in other strains. 

The mice used were of the four well-known established pure inbred 
A (albino), BA (Bagg albino), C3H (black agouti), and C57 (black) 
strains. 

The six tumors BA 1, BA 178, BA 193, C57 220, C57 241, and C3H 
263 that were induced in mice of the pure inbred BA, C57 and C3H 
strains as indicated by the letter and which are designated as BA 1, 
BA 2, BA 3, C57 1, C57 2, and C3H 1, were used for these investiga- 
tions. The peculiar inherent power of these tumors to grow and 
later regress in mice of alien strains was described in 1939. 

For the purpose of determining the time when immunity developed, 
four groups of 10 tumor-bearing mice of each of the four strains were 
engrafted with a second tumor. The mice of the first group were 
engrafted at the height of growth of the first tumor, those of the 
second group as soon as the tumor already growing in the host had 
begun to regress, those of the third group immediately after the re- 
gression of the first tumor, and those of the fourth group were en- 
grafted one week after the complete regression of the first tumor. 
In addition, 10 tumor-engrafted mice of the A, the BA, the C3H, 
and the C57 strains were implanted with a second tumor 14 days, 12 
days, 9 days, 7 days, 4 days, 2 days, and a few minutes respectively 
after the first implantation. In some of the experiments, the tumor 
used for the second implantation was a later generation of the same 
tumor; in others it was one that had been induced in a mouse of the 
same strain as that of the first tumor; while in still others, it was 
one that had originated in a mouse of a different strain from that in 
which the first tumor originated. 
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10 mice of each strain, 6 tumors, 3 combinations, and 4 intervals in the first lot 
of experiments, and 7 intervals in the second lot would have required too many 
(14080) mice and so representative tumors were used as follows: in the first group, 
10 mice of each strain, 6 tumors, 3 types of combinations, namely, second tumor 
same as first = 240 mice, second tumor same strain as first = 160 mice (tumor 
BA 1 followed by BA 2, tumor BA 2 followed by BA 3, tumor BA 3 followed 
by BA 1, and tumor C57 1 followed by C57 2), and second tumor of a different 
strain from first = 400 mice (tumor BA 1 followed by C57 2 and by C3H 1, 
tumor BA 2 followed by C57 1 and by C3H 1, tumor BA 3 followed by C57 1 
or by C3H 1, tumor C57 1 followed by BA 3 or by C3H 1, tumor C57 2 followed 
by BA 1 or by BA 2 and C3H 1, and tumor C3H 1 followed by BA 1 or by BA 2 
and by C57 2) engrafted at 4 intervals (240 + 160 + 400 mice X 4) = 3200 
mice. In the second lot of experiments, tumors BA 3 and C57 1 were omitted 
from all except one experiment because of their low growth energy, and owing 
to the use of 7 intervals, the number of combinations of representative tumors 
was reduced as follows: 10 mice of each strain, 4 tumors, 3 combinations, namely, 
second tumor same as the first = 160 mice, second tumor of same strain as the 
first = 80 mice (tumor BA 1 followed by BA 2, or tumor BA 2 followed by BA 1, 
tumor C57 1 followed by C57 2, or tumor C57 2 followed by C57 1) and second 
tumor from a different strain from that of the first = 240 mice (tumor BA 1 
followed by C3H 1 and by C57 2, tumor BA 2 followed by C3H 1 or by C57 2, 
tumor C3H 1 followed by BA 1 or by BA 2 and by C57 2, and tumor C57 2 fol- 
lowed by BA 1 or by C3H 1), at 7 intervals (160 + 80 + 240 mice X 7) = 3360 
mice. 


In order to test whether the development of tumor immunity was 
dependent upon the survival and growth of tumor cells in the host, 
mice of each of the four strains were injected with regressing tumors, 
with tumor cells that proliferated for a short time but did not grow 
into tumors in alien strain hosts, with inactivated tumors, with tissue 
from tumor-immune mice, with proteins from tumor tissue and with 
skin from embryo mice. One week later these mice were implanted 
with grafts of vigorously growing tumors. 

In attempts to bring about immunity from the growthof tumors 
that originated in mice of the same strain as the host, 10 mice of each 
of the four strains were repeatedly engrafted with minute fragments 
of their own strain tumors, with alien strain tumors and with in- 
activated tumor cells, and 753 mice engrafted with their own strain 
tumors were treated with drugs. 

The results of the present investigations show that it was possible 
to render mice of the pure inbred A, BA, C3H, or C57 strains immune 
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from the growth of a graft of the tumors that originated in mice of the 
other three strains, but, except in a few instances, not from the growth 
of grafts of the tumors that originated in mice of the host’s own strain. 
The immunity was brought about by the growth in the host of living 
tumor cells for 4 days or longer, but not by the absorption by the host 
of cell-free tumor proteins, inactivated tumor cells, blood and tissue 
from immune animals, blood from tumor-bearing animals, or skin 
from mouse embryos. 

Since the lack of space prevents the publication of the many ex- 
periments carried out in this investigation, the results are summarized 
in 17 series briefly as follows.* 


Series I 


In every experiment, the first graft of each of the six tumors grew 
in the mice into which they were implanted. The resulting tumors 
grew progressively in every one of the hosts that were of the same strain 
as that of the mouse in which the particular tumor engrafted had 
originated, but regressed after reaching the size characteristic for the 
given tumor in the alien strain hosts (1939). 


For example, grafts of tumors BA 1, BA 2, and BA 3 grew progressively in 
mice of the BA strain and regressed after growing in mice of A, C3H, and C57 
strains; grafts of C57 1 and C57 2 grew progressively in mice of the C57 strains, 
but the tumors regressed in mice of the A, BA, and C3H strains; grafts of C3H 1 
grew progressively in mice of the C3H strain but the tumors regressed in mice of 
A, BA, and C57 strains. 


Series II 


The implantation of grafts of one of the six tumors in mice in which 
the same tumor had grown for 4 days or longer, failed to grow in every 
one of the alien strain hosts, but grew in those that were of the same 
strain as that of the mouse in which the tumor had originated. 


For example, mice of A, BA, C3H, and C57 strains were implanted first with 
tumor BA 1 and later with tumor BA 1; mice of the 4 strains were implanted 
first with tumor C57 1 and later with tumor C57 1, and mice of the 4 strains 
were implanted first with tumor C3H 1 and later with tumor C3H 1. The first 





5 When the number of mice used is not stated, 10 mice of each of the 4 strains 
were used, 
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grafts of each of these tumors grew into tumors (10 x 7 x 5 mm. to 25 x 10 x 10 
mm.) within 7 to 12 days. The BA 1 tumors continued to grow in the BA strain 
mice, the C3H 1 tumors in C3H strain mice, and the C57 tumors in the C57 
strain mice, but the tumor growths regressed in the alien strain mice. The second 
implantation of tumor BA 1 grew in the mice of the BA 1 strain, the second 
graft of tumor C57 1 grew in the mice of the C57 strain, and the second graft of 
tumor C3H 1 grew in the mice of the C3H strain. When the implantations were 
made at intervals of 4 days or longer, after the first implantation the second 
grafts of tumor BA 1 failed to grow in the mice of the A, C3H, and C57 strains, 
the secoud grafts of tumor C57 1 failed to grow in the mice of the A, BA, and C3H 
strains, and the second grafts of tumor C3H 1 failed to grow in the mice of the A, 
BA, and C57 strains. 


Series III 


The implantation of a graft of one of the six tumors into mice in 
which a tumor of the same strain as that of the second tumor had 
grown for 4 days or longer, grew in 32 per cent of the alien strain hosts 
and in every one of the mice that were of the same strain as that of the 
tumors. 


For example, mice of the A, BA, C3H, and C57 strains were implanted first with 
tumor BA 1 and later with tumor BA 2. Mice of the 4 strains were implanted 
first with tumor C57 1 and later with tumor C57 2. The second grafts of tumors 
BA 2 grew in every one of the BA strain mice, but only in a few of the mice of 
A, C3H, and C57 strain mice, while the second graft of tumor C57 2 grew in every 
one of the C57 strain mice, but only in a few of the mice of the A, BA, and C3H 
strains. 


Series IV 


The later implantation of one of the six tumors into a mouse in 
which a tumor of a different strain from that of the second tumor 
had grown for 4 days or longer, grew in the majority (82 per cent) 
of the alien strain hosts, while every one of the grafts grew in the hosts 
that were of the same strain as that in which the tumor had originated, 


For example, mice of the A, BA, C3H, and C57 strains were implanted first 
with tumor BA 1 and later with tumor C3H 1. Mice of the 4 strains were im- 
planted first with tumor C57 2 and later with tumor C3H 1. Mice of the 4 
strains were implanted first with tumor C3H 1 and later with tumor BA 2. The 
grafts of tumor BA 1 grew and regressed in mice of the A, C3H, and C57 strains, 
but grew progressively in the BA strain hosts. The grafts of tumor C57 2 grew 
and regressed in the mice of A, BA, and C3H strains, but grew progressively in 
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those of C57 strain. The grafts of tumor C3H 1 grew and regressed in the A, 
BA, and C57 strains, but grew progressively in the mice of C3H strain. 


Series V 


The change resulting in immunity, brought about in alien strain 
mice by the growth of an implant of one of these six tumors, did not 
take place during the first two days’ growth of the tumor, but had 
become established by the time the tumor had grown for 4 days. 


In the mice used in series II, III, and IV (10 mice of each of the 4 strains, 
implanted with one of the six tumors, that were engrafted with a second tumor 
at the 11 intervals of time stated in the method), both the first and second grafts 
grew in those mice that were engrafted with the second tumor 2 days and 20 
minutes respectively after the first implantation, while in the mice of a different 
strain from the tumor’s origin that were implanted with the same tumor at in- 
tervals of 4 days or more, the second graft failed to grow. 

Mice of the A, C3H, and C57 strains received 4 successive implantations of 
tumor BA 1, each into a different site (right axilla, left axilla, right groin and left 
groin) at intervals of 4 days, 2 days, and 20 to 30 minutes. Mice of these strains 
were also implanted in this way with tumor BA 2 and BA 3; mice of the A, BA, 
and C3H strains received 4 implantations of tumor C57 1 and of tumor C57 2 
in the same manner, and mice of the A, BA, and C57 strains received 4 implanta- 
tions of tumor C3H 1. In alien strain mice that received 4 successive implants 
of the same tumor at 4 day intervals, only the first grafts grew; while in hosts in 
which the implantations were made at intervals of 2 days both the first and 
second grafts grew, but the third and fourth failed to grow. In the mice which 
received grafts at intervals of 20 minutes each of the 4 grafts grew. When tumors 
from mice of different strains were used for the successive implantations, the 
majority of the grafts grew, regardless of the time interval between the implanta- 
tions. The rapidity of growth, the size the tumor attained, and the speed of 
regression of the tumors was that characteristic of the particular tumors en- 
grafted. Some tumors had begun to regress while others in the same host were 
still growing. 

Mice of each strain were implanted in the right and left axilla with grafts of 
an alien strain tumor and later (after 4 days, 2 days, or 20 to 30 minutes) were 
implanted in the right and left groin with an alien strain tumor. In mice that 
received implantations of the same tumor at intervals of 4 days only the axillary 
tumors grew, while those that received implantations of different tumors at 4 
day intervals both the axillary and the inguinal grafts grew. When the implan- 
tations were made into the groin 2 days or 20 minutes after the grafts had been 
introduced into the axilla, the majority of the implants, both axillary and in- 
guinal, grew regardless of the tumors used for the implantation. In the majority 
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of the mice the multiple tumors regressed as usual, but a few of the hosts died 
from the excessive amount of tumor. 


Series VI 


Immunity from the growth of a later graft, not only of the same 
tumor but also of the other tumors of the same strain, became estab- 
lished in those mice in which an implantation of an alien strain tumor 
that had grown was followed by two or more implantations of the 
same tumor made at intervals of 4 days. 


Thirty and forty days after all tumor growth had disappeared in the surviving 
mice of Series V, they were implanted with grafts of one or more of the tumors 
of the same strain as those of the earlier implantation. The later implantations 
in every instance failed to grow. See also Series IX. 


Series VII 


Implantation of the same tumor following the complete excision 
of tumors on the 5th day of their growth, grew in the hosts that were of 
the same strain as that of the tumor, but failed to grow in mice of 
other strains. The growth of the first tumor for 4 days had already 
rendered conditions in the alien strain host unfavorable for a later 
implantation of the particular tumor used, thus demonstrating that 
the conditions governing the growth of the first and the second im- 
plant of these six tumors in an alien strain host were not identical. 


BA 1 tumors growing in the right axilla of 3 A, 3 BA, and 3 C57 strain mice 
were removed from their hosts on the 4th, 5th, and 7th day of their growth and 
grafts from the tumor BA 1 (growing in BA mice) were implanted in the left 
axilla immediately following the operation. C57 2 tumors growing in the right 
axilla of 6 A, 6 BA, and of 6 C57 strain mice were removed from their host on the 
4th, 5th, and 7th day of their growth and grafts of C57 2 (growing in C57 strain 
mice) were implanted immediately in the left axilla of these mice. In a few 
instances the grafts implanted in the alien strain mice, after the removal of the 
tumor on the 4th day, grew, but not one of those implanted following the removal 
of the tumors on the 5th and on the 7th day grew in the alien strain mice. On 
the other hand, every one of the grafts implanted in operated mice that were of 
the same strain as that in which the tumor originated (i.e., BA 1 growing in the 9 
BA strain mice and C57 2 growing in the 18 C57 strain mice) grew in the treated 
hosts. 
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Series VIII 


Autografts removed from tumors that had been growing in mice 
for 4 days or longer and implanted into a different site in the same 
host, grew progressively in every one of the hosts that were of the same 
strain as that of the tumor, but failed to grow in those hosts that were 
of alien strains. After the operation, the original tumors continued 
to grow in mice of their own strains; but in the alien strain mice, while 
they continued to grow for several days, they later regressed. These 
results indicate that the unfavorable conditions brought about in 
the host by the growth of a tumor that originated in a mouse of a 
different strain operated against the implantation and growth of 
more of the same tumor cells rather than against the continued growth 
of cells already implanted. 


For example, 6 A, 6 BA, and 6 C57 strain mice were implanted in the right 
axilla with grafts of tumor BA 1. Four days later the site of the implantation was 
exposed in 3 A, 3 BA, and 3 C57 strain mice and one-half of the growing tumor 
fragment removed from the well-vascularized cyst which surrounded it. An 
implant of this tumor tissue was immediately introduced into the left side of 
the mouse and the incision closed. A similar operation was performed on the 
remaining mice seven days after their implantation, which by this time had 
moderately large tumors. The procedure was repeated, using tumor C57 2 
in place of BA 1. The BA 1 tumors and their autografts in the BA strain mice, 
and the C57 2 tumors and their autografts in the C57 strain mice grew progres- 
sively into large tumors which brought about the death of their hosts. The auto- 
grafts of the BA 1 tumors in the A and the C57 strain mice and the autografts of 
the C57 2 tumors in the A and the BA strain mice failed to grow even though 
the original tumors from which the autografts were taken continued to grow for 
a few days before their regression took place. 


Series IX 


The development of immunity was dependent upon the growth of 
the tumor graft in the alien strain mice. Small tumors (250 cu. mm.) 
as well as large tumors (2500 cu. mm.) brought about in their alien 
strain hosts an immunity from the growth of another graft of the same 
tumor. It was also found that the implantation of several grafts of 
those tumors which proliferated vigorously for a short time although 
they did not grow to a palpable size in the alien strain mice, brought 
about a tumor immunity in their hosts. 
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For example, 10 mice of the A and 10 of the C57 strains were implanted in the 
right and left axilla with grafts of tumor BA 343 or of tumor BA 348 and 4 days 
later they were implanted in the right and left groin with grafts of the same tumor. 
One week later these mice had lumps about 100 cu. mm. in the axilla. They were 
then implanted with grafts of tumors BA 1 and BA 2. Every one of these grafts 
failed to grow. 


Series X 


Grafts of tumors that had begun to regress failed to grow when im- 
planted into mice of alien strains, but grew when implanted into mice 
of the same strain as that in which the tumor had originated, and 
thereby regained their inherent power to grow in mice of any strain 
(1939). Alien strain mice implanted with one or several grafts of 
such regressing tumors were not rendered immune by the absorption 
of these viable tumor cells, but remained susceptible to the growth of 
grafts of progressively growing tumors. 


Series XI 


Grafts from tumors that had originated in mice of the same strain as 
the host, grew, regardless of the time interval between implantations 
and regardless of other tumor implantations received by the host 
previous to, coincident with, or following the implantation in question. 
These tumors did not regress, but continued to grow until they brought 
about the death of the host. The growth of an implant of its own 
strain tumor in a mouse did not retard the growth and later regression 
of grafts of alien strain tumors nor did the regression of one or more 
alien strain tumors inhibit the progressive growth of its own strain 
tumor. 


In Series I through X, upon the regression of all tumor growth, the surviving 
BA strain mice were implanted with tumor BA 1, BA 2, or BA 3. The surviv- 
ing C3H strain mice were implanted with C3H 1 and the surviving C57 strain 
mice were implanted with tumor C57 1 or C57 2. Every one of these grafts grew 
and brought about the death of the host. 

5 mice of A strain were implanted in the right axilla with tumor BA 1, in the 
left axilla with tumor C57 2, in the right groin with tumor C3H 1, and in the 
left groin with tumor A 274; 5 mice of BA strain were implanted in the right axilla 
with tumor C3H 1, left axilla with tumor C57 1, right groin with tumor C57 2, 
and in the left groin with tumor BA 2; 5 mice of C57 strain were implanted in the 
right axilla with tumor C3H 1, in the left axilla with BA 1, right groin with tumor 











336 MARGARET REED LEWIS 


BA 2, and in the left groin with tumor C57 1; and 5 mice of the C3H strain were 
implanted in the right axilla with BA 2, in the left axilla with C57 2, in the right 
groin with BA 1, and in the left groin with tumor C3H 1. Each of the grafts 
grew. The grafts of the alien strain tumors grew with the rapidity, attained the 
size, and regressed with the speed characteristic of the particular tumors used. 
On the other hand, the A 274 tumors in A strain mice, the BA 2 in the BA strain 
mice, the C57 1 in the C57 strain mice and the C3H 1 in the C3H strain mice 
grew progressively and brought about the death of their hosts. 


Series XII 


The growth of spontaneous mammary gland tumors or of primary 
dibenzanthracene-induced tumors in mice failed to render their hosts 
immune from the growth of autografts of their own tumors, or from 
the growth of grafts of other spontaneous and induced tumors that 
developed in mice of the host’s strain. 


Forty mice of the agouti strain‘, bearing one or more spontaneous mammary 
gland tumors, were implanted in the back with a graft of a spontaneous tumor 
from another of the agouti mice. Four mice of the agouti strain bearing mam- 
mary gland tumors were implanted in the opposite side with an autograft removed 
from their own tumor. Four mice of the BA strain and 5 mice of the C57 strain, 
each bearing a primary dibenzanthracene-induced tumor in the right axilla, were 
implanted in the back with grafts of primary induced tumors from mice of their 
own strain. Three mice of the BA strain and 3 mice of the C57 strain, bearing 
primary induced tumors, were implanted with an autograft of their own tumor. 
Owing to the condition of the hosts, some of the mice died before the grafts grew 
into tumors. The autografts and the grafts from other tumors that had devel- 
oped in mice of the host’s strain grew progressively in the hosts that survived for 
a month or longer. 


Series XIII 


Spontaneous regression of a tumor growing in a mouse of its strain 
of origin did not occur and attempts to bring about a regression of 
such tumors by experimental means failed, except in a few instances. 
In these it was found that when regression did occur, it rendered the 
host immune from the growth of grafts of those tumors that had 
originated in mice of its own strain, but not from those that developed 
in mice of other strains. 


* We are indebted to Dr. H. B. Andervont, Public Health Service, for the gift 
of these mice. 
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The exposure of tumors to heat, pressure, and various chemicals failed to lower 
the growth energy of these tumors so as to cause a regression of their growths 
in mice of the strain of the tumor’s origin. 753 mice of pure inbred strains en- 
grafted with a tumor -hat had originated in a mouse of their own strain were fed 
with drugs. The gra/ts grew, but in 6 of the mice, the growth later regressed. 
These mice had beer. fed with Phenyl urazole, B-methyl-naphthoquinone, Benzo- 
pinacone, 2-methyl-1,4-naphthoquinone, and Benzoquinone®. The regression 
seemed to be caused by some toxic effect of the drug on the particular mouse 
and was not specific for the drug as it did not occur in other mice fed with the 
same drugs. However, when the 6 mice were implanted with grafts of a later 
generation of the same tumor, the grafts failed to grow. The mice were then 
engrafted with other tumors that had originated in their strain and every one of 
the grafts failed to grow. 


Although development of immunity from transplanted tumors 
seemed to be dependent upon the growth in the host of the implanted 
tumor cells, it was of course possible that it was due to the absorption 
of a given amount of the specific protein of the particular tumor im- 
planted. Therefore, attempts were made to inactivate the tumor 
cells without at the same time drastically changing the nature of the 
tumor protein, in order that the reactions of mice might be studied 
after the absorption of amounts of tumor protein equivalent to small 
tumors. 


Series XIV 


The injection of tumor protein in the form of supernatant fluid 
from suspensions of viable tumor cells and in the form of suspensions 
of inactivated tumor cells failed to bring about immunity from the 
growth of grafts of the same or other tumors in the mice injected with 
these substances. 


Approximately one gram of tumor tissue was ground with broken glass in a 
mortar until it was reduced to a smooth paste easily drawn into a syringe through 
a No. 20 hypodermic needle®. The paste was mixed with 25 c.c. of fluid until it 
formed an even suspension. This was poured into 2 test tubes and stoppered. 
One of the tubes was placed in the incubator at 38°C. and one in the refrigerator 
at 4°C. The tubes were shaken vigorously several times a day. After 20 min- 





5 The drugs were furnished by the Laboratory of Medicinal Chemistry of the 
Squibb Institute, through the courtesy of Mr. W. A. Lott. 
5 Aseptic precautions were observed throughout the experiments. 
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utes, 2 hours, 4 hours, 24 hours, and 48 hours the supernatant fluid was poured 
off and 1 c.c. of it and 1 c.c. of the sediment were injected into 4 or more mice of 
each strain. 

In every instance, the tumor cells kept in the incubator for 24 hours or longer, 
regardless of tne solution in which they were suspended, lost their viability, and 
the susceptible mice injected with 1 c.c. of supernatant fluid and of tissue debris 
from these suspensions failed to develop tumors. The cells in suspensions incu- 
pated for shorter periods of time (6 to 16 hours) remained viable and when in- 
jected into susceptible mice gave rise to tumors. 

The tumor cells remained viable for as long as 48 hours when stored in the 
refrigerator at 4°C. in suspensions in distilled water (1 gram of tumor to 4 c.c. 
water; in some instances 1 gram tumor to 5 c.c. water), in sodium chloride solu- 
tions from 0.4 per cent through 2 per cent, in some instances 3 per cent of the salt, 
in solutions having at the time of their injection a hydrogen-ion concentration of 
of pH 5.6 through pH 8.0, in solutions without dextrose, and in others with 0.6 
per cent dextrose, and when kept under aerobic and when kept under partial 
anaerobic conditions. The cells remained viable for as long as 6 days in refrig- 
erated suspensions in balanced salt solutions. Cells remained viable in re- 
frigerated suspensions in 10 per cent ethyl alcohol for 3 hours. 

Susceptible mice injected with the supernatant fluid from these refrigerated 
suspensions in every instance failed to develop tumors, while those that were in- 
jected with 1 c.c. of the cell debris developed tumors at the injection site within 
10 days. The growth energy of the tumors was not lowered and regression of the 
tumors growing in mice of their strain of origin did not take place. 

Other types of tumor cells, lymphosarcoma C3H 172, myeloblastic sarcoma 
C57 MA, monocytoma C57 255, and mammary gland carcinoma C3H 296, also 
survived in refrigerated suspensions in sodium chloride solutions and in balanced 
salt solutions for two to three days. These cells retained their peculiarities, and 
when injected into susceptible mice brought about tumors that were accompanied 
by their characteristic type of metastatic growth. 

Tumor cells became inactivated when kept in the refrigerator for 24 hours in 
suspensions in distilled water (1 gram tumor to 25 c.c. H2O), in 3 per cent sodium 
chloride solution, in ethyl alcohol (20, 25, 50, and 95 per cent solutions), in solu- 
tions saturated with carbon dioxide, in solutions having a hydrogen-ion concen- 
tration of pH 3 through pH 5 and of pH 10, and when kept in the refrigerator in 
sodium chloride solutions for 4 days or longer. Injections of the sediment as well 
as the supernatant fluid from these suspensions failed to bring about the growth 
of a tumor. 

Each mouse that failed to develop a tumor, following the injection of a super- 
natant fluid from a suspension of viable cells or following the injection of the su- 
pernatant fluid and sediment from inactivated cells, was implanted with a graft 
of a later generation of the tumor that had been used to prepare the particular 
tumor suspension that individual had received. The tumor grafts grew in every 














IMMUNITY IN RELATION TO SARCOMATA 339 


one of the treated mice, demonstrating that the absorption of tumor proteins of 
this nature did not bring about an immunity from the growth of a tumor graft. 


Series XV 


The injection of tumor protein from crushed tumors did not render 
the injected mice immune from the growth of grafts of the tumors 
expressed’. 


Whole tumors weighing 2 to 2} grams were wrapped in fine linen and subjected 
to a pressure of about 30,000 pounds per square inch. The tumor juice from 
each tumor was collected into a small test tube and centrifugalized. The clear 
supernatant fluid (about one-half the squeezed-out substance from each tumor) 
was injected into 2 mice and the cell debris into 2 other mice, of the strain of the 
tumor’s origin. A few alien strain mice were also injected with the cell-free juice 
and the cell debris. In every instance, the mice that received the clear tumor 
juice, free from cells, failed to develop tumors while those that received the cell 
debris developed tumors at the injection site. The negative mice that had re- 
ceived the cell-free tumor juice were later implanted with a graft of a later gen- 
eration of the tumor that was expressed. These grafts grew in every one of the 
treated hosts. 


Series XVI 


Tumor cells that survived exposure to heat retained their growth 
energy. They grew progressively (without regression) in mice of the 
same strain as that of their origin, and grew and regressed in mice of 
alien strains. The injection of heat-inactivated tumor tissue did not 
render the injected mice immune from the growth of grafts of viable 
tumors. 


Efforts were made to lower the growth energy of tumor tissue by means of 
heat. Pieces of tumor were exposed to moist heat 38°C. to 60°C. from 2 minutes 
to 24 hours in a water bath, and mice of the 4 strains were injected with heated 
tumor tissue equivalent in amount to a small tumor. The incubation of pieces 
of tumor for 6 to 16 hours at 38 to 40°C. did not inhibit their progressive growth 
when engrafted into normal mice. The tumor cell became killed when subjected 
to heat 43.5°C. to 44°C. for 15 minutes, but survived longer exposure (50 minutes) 
to less heat, 42°C. to 43.5°C., and shorter exposure (6 minutes) to more heat, 
45°C. to 46°C. Heat 48°C. to 60°C. for 5 minutes in every instance inactivated 
the pieces of tumor. Mice that failed to develop tumors following implantation 





7 These experiments were conducted by Dr. Morris Rosenfeld of the De- 
partment of Pharmacology, The Johns Hopkins Medical School. 
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of heated tumor tissue were engrafted with viable tumors of the same kind. 
The grafts grew in the negative mice. 


Series XVII 


Injections, in amounts equivalent to a small tumor, of blood from 
tumor-bearing mice, of blood and of tissue from mice immune from 
tumor growth, and of skin from embryo mice failed to render the 
injected hosts immune from the growth of a graft of the tumor from 
whose growth the tissue donor was immune or from a graft of their 
own strain tumors. 


Ten mice of each of the four strains were given one or more injections of 1 c.c. 
of blood from mice bearing one of the six tumors. In some experiments, the tu- 
mor growing in the blood donor was a progressively-growing one of the same strain 
as the host, in others it was a regressing tumor of an alien strain. The blood- 
injected mice failed to develop tumors, and were implanted with a graft of a later 
generation of the tumor that had been present in the blood donor. Every one 
of the grafts grew in the blood-injected mice. 

One c.c. of blood and 1 c.c. of ground tissue (spleen, liver, kidney, lymph node, 
and muscle) from the A and the C57 mice that had become immune from the 
growth of BA tumors (Series IX) were injected into the right and left axilla of 
mice of the A, BA, and C57 strains and 4 days later the host received an injection 
of 1 c.c. of the same tissue into the right and left groin. Grafts of the tumor BA 
1 implanted in these mice 7 days later grew in every one of them. The tumors 
attained a size of 15 x 10 x 10 mm. in the mice of the A and C57 strains and then 
regressed, while in those of the BA strain, the tumors continued to grow and 
brought about the death of the host. The blood and large amounts of the tissue 
from C57 7, one of the drug-fed mice that had become immune from C57 strain 
tumors, were injected into 6 C57 strain mice, and one week later the mice were 
engrafted with tumor C57 300. The grafts grew in every one of the mice. 

Ten mice of each of the four strains received 2 or more successive injections of 
large amounts of skin from embryo mice. In some experiments, the embryos 
were the same strain as the mouse implanted; in other experiments the embryos 
were alien strains. These injected mice developed teratomata which later sub- 
sided. The mice were then implanted with grafts of a tumor that had originated 
in a mouse of their own strain. Every one of the grafts grew in the mice that had 
received the embryo skin. 


DISCUSSION 


In studies on tumor immunity by previous investigators, the tumors 
used arose in animals that were not of pure inbred strains and the 
immune animals were obtained by the spontaneous regression of a 
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transplanted tumor, by the amputation of the tail bearing a growing 
engrafted tumor (first demonstrated by Andervont, 1933, using mouse 
sarcoma 180), or by the injection of various foreign proteins such as 
inactivated tumor cells, blood, and embryo skin. None of these 
methods proved to be applicable in the study of spontaneous tumors 
or of primary dibenzanthracene-induced tumors. 

When mice of pure inbred strains were used for studies on immunity, 
it was found that the behavior of the tumor cells transplanted into 
mice of the same pure strain as that in which the tumor originated cor- 
responded closely to that of primary tumors (spontaneous and in- 
duced) in that these tumors never regressed, and in that their growth 
failed to bring about an immunity from tumor growth even when they 
were excised from their hosts. The behavior of these tumors further 
resembled that of spontaneous and primary induced tumors in that 
the regression of alien strain tumors, the implantation of regressing 
alien strain tumors, the injections of inactivated tumor material, of 
embryo skin, and of blood and tissue removed from mice that were 
immune from several tumors failed to bring about an immunity 
from the growth of a graft of a tumor having the same genetic con- 
stitution as the host. 

In our attempts to bring about tumor immunity by means of tumor 
proteins, it was found that, contrary to the results of other investiga- 
tors (Belkins and Shear), tumor cells survived suspension in salt solu- 
tions when kept in the refrigerator and when incubated. Furth and 
his co-workers demonstrated that tumor cells survive refrigeration 
at —70°C., and the successful cultivation of tumor cells in tissue 
cultures for many years by Dr. and Mrs. Gey (1933 and 1936) shows 
that warmth (38 to 40°C.) is not injurious to tumor cells in viiro. 
Exposure to heat (43.5°C. to 45°C.), both in vitro and in vivo, has been 
shown to have a destructive action on tumor cells (Friedgood, Walker, 
and Johnson). Johnson, by using short radio waves, found differ- 
ences in the thermal sensitivities of different types of tumor cells 
examined in vivo, but not in those examined in vitro. 

The close relationship of the malignant cell to the cells of the animal 
in which it originated, as demonstrated in the present experiments 
shows that the results obtained by utilizing tumors transplanted into 
animals that are not of identical genetic constitution are not applicable 
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to tumors growing in the animals in which they developed, or to tumors 
that arose in mice of pure inbred strains and were transplanted into 
mice of their strain of origin. The results on immunity obtained by 
using material such as that used by previous investigators are in- 
teresting in relation to the subject of immunity in general, but they 
cannot rightly be considered in relation to tumor immunity, since at 
the present time there is no method of bringing about the regression 
of a tumor growing in the animal in which it arose, or of bringing about 
in a mouse of a pure inbred strain an immunity from the growth of 
a graft of a tumor that arose in a mouse of the same strain. On the 
other hand, the results obtained in the present investigation seem to 
indicate that methods utilizing tumors that originated in mice of pure 
inbred strains may eventually lead to means of bringing about inhibi- 
tion of the growth of tumors in general, and to a clearer understanding 
of immunity in relation to tumor cells. 


SUMMARY 


Among 350 tumors induced by means of dibenzanthracene in mice 
of pure inbred strains there were found 6 spindle-celled sarcomata 
(BA 1, BA 178, BA 193, C57 220, C57 241, and C3H 263, designated 
as BA 1, BA 2, BA 3, C57 1, C57 2, and C3H 1) that grew when trans- 
planted into mice of the A, BA, C3H, and C57 strains, although this 
growth later regressed except in animals of the same strain as that in 
which the tumor originated (BA 1, 2, and 3 in BA strain mice; C57 
1 and 2 in C57 strain mice; and C3H 1 in C3H strain mice). 

The growth of a graft of any one of the six tumors for as long as 
four days in mice of a strain different from that of the tumor’s origin 
brought about in the alien strain hosts an immunity from the growth 
of an autograft or another graft of the same tumor, but not from the 
graft of another tumor. 

The complete removal of the first tumor before the implantation 
of the second showed that this type of tumor immunity was already 
established by the fifth day and was not dependent upon the continued 
presence of the first tumor nor upon its regression. When the first 
tumor was not removed, it continued to grow for a number of days in 
those mice which its own growth for four days had rendered un- 
favorable for the growth of another graft of the same tumor. 
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The development of immunity proved to be dependent upon the 
growth of tumor cells in the host. The absorption of tumor proteins 
(grafts of viable regressing tumors, supernatant fluids from centrif- 
ugalized suspensions of viable ground and crushed tumor cells, and 
tumor tissue inactivated by means of heat, alcohol, distilled water, 
and chemicals) and of other proteins (blood and tissue from tumor- 
immune mice, and skin from mice embryos) by mice of pure inbred A, 
BA, C3H, and C57 strains failed to bring about an immunity from 
the growth of tumors that were induced in mice of these pure inbred 
strains. 

The growth of a graft of any one of these six tumors for four days 
or many days in mice of the same strain as that in which the tumor 
originated, failed to bring about in the host immunity from the growth 
of a graft of the same or of another tumor. 

Mice of each pure inbred strain could be rendered immune from 
the growth of all tumors that originated in mice of other pure inbred 
strains, but these mice remained susceptible to the growth of a graft of 
those tumors that originated in mice of their own strain. 

Treating tumors with heat, pressure, and chemicals previous to im- 
plantation failed to cause their regression in mice of their strain of 
origin. 
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The important réle of tuberculosis in the etiology of Addison’s 
disease is well known. Although typical cases of Addison’s disease 
are encountered infrequently among patients with pulmonary tuber- 
culosis, it has been thought by many that certain of the outstanding 
signs and symptoms associated with pulmonary tuberculosis, viz.: 
the striking asthenia, weight loss, hypotension, hypochloremia and 
anorexia might represent in part, manifestations of adrenal cortical 
insufficiency. 

The purposes of the present investigation were two-fold: first, 
to obtain data on the blood serum concentration of sodium, chloride, 
potassium, carbon dioxide-combining power and plasma volume of 
patients with pulmonary tuberculosis and second, to determine 
whether indisputable evidence of adrenal cortical insufficiency could 
be obtained in any of the patients composing this group. For pur- 
poses of control, a group of healthy adult males living in the same 
environment were chosen, and, in addition a group of patients suffer- 
ing from wide-spread, non-tuberculous pulmonary disease (silicosis). 


1 During the summer of 1939 personnel and equipment were transported from 
the Metabolism Ward of the Johns Hopkins Hospital to the New York State 
Hospital for Incipient Tuberculosis, Ray Brook, New York where a metabolic 
unit was established. 

2? The present report is a part of a cooperative investigation on tuberculosis; it 
has been supported partly by funds provided by the Committee on Medical 
Research of the National Tuberculosis Association. 

3 This study has also been supported in part by a grant from the Ciba Pharma- 
ceutical Products, Inc. 

* Jacques Loeb Fellow in Medicine. 
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METHODS 

Specimens of blood for chemical analyses were withdrawn under oil and with- 
out stasis from the antecubital vein, the patients having been fasted for 15 hours 
previously. The following determinations were made: hematocrit (1), serum 
concentration of sodium (2), chloride (3), potassium (4, 5) and serum carbon 
dioxide-combining power (6). In a few instances arterial punctures were made 
and the hydrogen ion concentration of the blood was determined by means of a 
Glass Electrode pH meter. 

Plasma volume measurements were made according to the technic of Gregersen 
and Gibson (7, 8) using the dye, T-1824. Duplicate samples of blood for serum 
were withdrawn at intervals of 20 minutes during a period of 80 minutes following 
the injection of the dye. The concentration of the dye in the samples of serum 
was determined by means of the Evelyn photoelectric colorimeter (9, 10). 

Twenty-four hour urine specimens were collected, preserved with toluol, and 
later analyzed for sodium (2) and chloride (3). 

Vital capacity measurements were made under basal conditions. 

The effect of a low-sodium chloride, high potassium diet was studied under the 
conditions standardized by Cutler, Power and Wilder (11). During a three day 
period on this diet the changes in blood pressure, body weight and clinical condi- 
tion of the patients were followed as well as changes in the concentration of 
electrolytes in blood serum and urine. 


GENERAL CONSIDERATIONS 


Because of the striking effect of the menstrual cycle on electrolyte 
balance (12) only male patients were included in this study. Further- 
more, an effort was made to provide all of the patients with an ade- 
quate intake of sodium chloride during a preliminary control period. 
The extent of the pulmonary tuberculous infection was classified (Table 
1), according to the standards described by the National Tuberculosis 
Association.° 

The mean age of the patients with pulmonary tuberculosis corre- 
sponded closely to that of the group of normal subjects (Table 2). 
However, the mean age of the control group of patients with non- 
tuberculous pulmonary disease was somewhat greater. 


OBSERVATIONS 
Vital Capacity 


The vital capacity of 77 patients with pulmonary disease was 
measured and compared to normal standards according to the method 


5 See Appendix 
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of West (13). There was a close correlation between the extent of 
the tuberculous infection and the percentile reduction in vital capacity. 


TABLE 1 
Classification of Pulmonary Tuberculosis in the Patients Included in This Study 












































crasmesrowscmanonst — | wounen or narmers | C#BEATOXDIWO ono me 
1A 21 
1B 3 1 
2A 36 2 
2B 19 
2C 2 3 
3A 7 4 
3B 11 
3C 
3D 1 5 
Total Number of Patients with 
WEN <i ccnp cdcsceas 104 
Non-Tuberculous Pulmonary 
RS ae 7 N. T 
Normal Control Subjects... ... 9 B.C. 
* See Appendix. 
TABLE 2 
Age Distribution of Patients and Normal Subjects Included in This Study 
GROUP NUMBER — RANGE 
Pulmonary Tuberculosis*.................. 104 30.4 15-61 
EL wn nisincdincwccccvevscesecens 9 28.0 24-33 
Non-Tuberculous Pulmonary Disease....... . 7 42.4 16-62 








* Further sub-division of the five groups of patients with pulmonary tuberculosis 
revealed the following differences in age, i.e., Group 1—28.4, Group 2—30.9, Group 3— 
24.3, Group 4—31.1, Group 5—33.6 years (mean values). 


As might be anticipated, the greatest percentile reduction in vital 
capacity occurred in the control group (N. T.) of patients with wide- 
spread non-tuberculous pulmonary disease (silicosis). The vital 
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capacity in this latter group was significantly lower than that of the 
patients with advanced pulmonary tuberculosis (Group 5). The 
importance of this observation is apparent, since the group with non- 
tuberculous pulmonary disease (N. T.) provided an excellent control 


TABLE 3 
Vital Capacity of Patients with Pulmonary Tuberculosis 
































GROUP NUMBER OF PATIENTS ae PERCENT OF NORMAL 
1 18 3.8 76.3 
2 20 3.6 66.4 
3 15 3.0 49.7 
4 7 2.5 33.1 
5 11 2.6 40.6 
Non-Tuberculous Pul- 
monary Disease (Sili- 
SRE dix ots edencie nies 6 aa 29.7 
TABLE 4 
Serum Chloride Concentration in Patients with Pulmonary Disease 
SERUM CHLORIDE, M.EQ. PER LITER 
NUMBER 
— evagnces Mean R Standard Poctigiens 
Value ange Deviation Variation 
Normal Subjects.............. 9 98.7 95 .0-103.2 2.57 2.00 
Pulmonary Tuberculosis....... 103 95.7 84.4-102.2 3.47 3.63 
Non-Tuberculous Pulmonary 
REIL RE ES 7 94.6 91.4 98.8 2.26 2.39 

















Sub-division of Patients with Pulmonary Tuberculosis 





| 24 | 96.5 | 89.6-102.2 | 3.41 | 3.53 
| 36 | 96.3 | 90.0-102.2 | 3.01 | 3.10 
| 21 86.4-100.0 | 3.20 | 3.33 


OF WN Re 


|} 15 





| 96.0 | 
7 96.7 | 91.9-99.6 | 2.20 | 2.30 
| 0 | 84.4- 96.6 | 3.20 | 3.50 





for all chemical changes which were related to diminished ventilation 
and not to the tuberculous infection per se. 


Serum Chloride 


In comparison to normal subjects living in the same environment, 
patients with pulmonary tuberculosis were observed to have an ap- 
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preciable reduction in serum chloride concentration (Table 4). The 
greatest reduction was noted in the patients comprising Group 5 
(far advanced pulmonary tuberculosis). However, the mean value 
for patients with non-tuberculous pulmonary disease was somewhat 
lower than the mean value for the entire group of patients with pul- 
monary tuberculosis. 

A comparison between the serum chloride concentration and the 
percentile reduction in vital capacity in the different groups of patients 
with pulmonary disease revealed a tendency for the low serum chloride 

THE RELATION BETWEEN CHANGES IN VITAL CAPACITY AND 


THE CONCENTRATION OF SERUM CHLORIDE AND BICARBONATE 
(110 PATIENTS WITH PULMONARY DISEASE) 




















wees SERUM CHLORIDE 
ccccee SERUM BICARBONATE 
9° eo 
es. 
. 
cy) Seg, ° 26 
, seneees 
~~, ° 
97 ~ ocosccese of 27 
i Oe a 
p e ~= 
6 iit . 26 
~.., 

CHLORIDE “h. BICARBONATE 
M.eq. 9s nis 2s Meq. 
PER ite ." PER 
LITER ~ a 

°4 mee ae «LITER 
7~, 
e, 
7a, 
~, 
9s ~. 2s 
*e, 
es, 
~ 
%e, 
g2 - ae 
o 2: 
90 20 
VITAL 100 S° 60 7° 60 so 40 30 20 10 ° 
CAPACITY 
PERCENT OF NORMAL 
CuHarT 1 


* Represents the mean value obtained for patients with non-tuberculous pul- 
monary disease. 


values to be correlated with a decrease in vital capacity (Chart 1). 
This relationship appeared to be dependent upon the percentile reduc- 
tion in vital capacity and did not appear to be related specifically to 
the tuberculous infection since the patients with non-tuberculous 
pulmonary disease were also observed to have a significant reduction 
in serum chloride concentration. 

It seems apparent that the reduction in serum chloride concentra- 
tion was dependent in part upon the accumulation of an excess of 
carbon dioxide as the result of pathological changes in the lung which 
hindered the escape of carbon dioxide from the blood (14). However, 
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the fact that the reduction in serum chloride concentration was much 
greater than the corresponding increase in serum bicarbonate suggests 
that a part of the reduction in serum chloride may have been due to 
a loss of chloride from the body (renal threshold, see section on sodium 
and chloride excretion). 

Although the reduction in serum chloride in patients with pulmonary 
disease was comparable to the change in serum chloride which occurs 
in patients with Addison’s disease, it should be pointed out that in 
patients with pulmonary disease the serum chloride reduction was not 
associated with an equivalent reduction in serum sodium which always 
occurs in patients with Addison’s disease. 














TABLE 5 
Serum Bicarbonate Concentration in Patients with Pulmonary Disease 
SERUM BICARBONATE, M.EQ. PER LITER 
NUMBER 
GROUP oF | * 
M Standard Coefficient 
eee Eo | ~~) 
Normal Subjects.............. 9 26.6 24.6-28.5 1.05 3.95 
Pulmonary Tuberculosis....... 98 26.8 22 ..2-32.5 1.76 6.56 
Non-Tuberculous Pulmonary 
Se een 7 27.0 25.5-28.3 0.77 2.84 








Sub-division of Patients with Pulmonary Tuberculosis 





21 26.3 | 22.2-30.0 
36 26.2 23 .6-29.0 
21 27.3 25.2-30.7 

7 27.8 25 .8-28.6 
13 28.1 25.4-32.5 








ae &O Ne 
eer rr 
SSESS 
opener 
2ssess 











Serum Bicarbonate 


The serum bicarbonate concentration (mean value) in 98 subjects 
with pulmonary tuberculosis was not significantly different from that 
observed in normal subjects in the same environment (Table 5). 
However, in the patients with more extensive pulmonary tuberculosis 
(Groups 4 and 5) an appreciable increase in serum bicarbonate con- 
centration was noted. The increasein bicarbonate concentration in 
the patients in Group 5 (extensive pulmonary tuberculosis) paralleled, 
but did not equal, the marked decrease in serum chloride concentration 
observed in this group (Chart 1). 
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In patients with Addison’s disease the concentration of serum bi- 
carbonate is either normal or reduced, in contrast to the normal or 
increased values which were observed in patients with pulmonary 
disease. 


Serum Sodium 


Patients with Addison’s disease frequently are observed to have 
a decreased serum sodium concentration. Characteristically in this 


TABLE 6 
Serum Sodium Concentration in Patients with Pulmonary Disease 





SERUM SODIUM, M.EQ. PER LITER 








NUMBER 
oer 4 Coefficient 
M Standard 
sae 0 | |r 
Normal Subjects.............. 9 141.1 137 .6-143.7 1.89 1.34 
Pulmonary Tuberculosis....... 103 139.7 135.5-151.0 1.95 1.39 
Non-Tuberculous Pulmonary 
Ss avkasach cutevhom ce 7 138.3 136.7-139.7 1.20 0.87 





Sub-division of Patients with Pulmonary Tuberculosis 





24 139.4 135 .5-141.3 1.37 0.98 
36 140.1 136.5-143.7 1.71 1.20 
21 139.2 136.5-143.7 1.57 1.13 
7 140.7 138 .0-144.5 1.19 1.40 
15 139.6 135.5-151.0 1.93 1.38 


ar wh 




















disease equivalent reductions in the serum concentrations of sodium 
and chloride are noted, whereas, the concentration of bicarbonate 
changes little. Thus in adrenal cortical insufficiency the essential 
loss is one of sodium and chloride with a corresponding decrease in 
the volume of extracellular water. 

In contrast to these changes it was observed that 98 of 103 patients 
with pulmonary tuberculosis had a serum sodium concentration 
within the normal range (Table 6). The remaining five patients had 
a serum sodium concentration between 135.5-137.0 m.eq. per liter. 
This value is only slightly below that observed in the normal control 
group. Furthermore, the extent of the tuberculous infection had 
no significant effect upon the serum sodium concentration (Table 6). 
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It is well to point out, however, that regardless of the extent of disease, 
all patients were fed a diet of adequate mineral content. 

It did not appear that the maintenance of the serum sodium con- 
centration was due to hemoconcentration as a significant degree of 
dehydration was not observed in most patients (see section on plasma 
volume and hematocrit determinations). 

The approximately normal concentration of serum sodium in pa- 
tients with extensive pulmonary disease substantiated the impression 


TABLE 7 
Serum Potassium Concentration in Patients with Pulmonary Disease 





SERUM POTASSIUM, M.EQ. PER LITER 
NUMBER 














awe aed Coefficient 
M Standard 
se ore Value Range Deviation Var a 
Normal Subjects.............. 8 3.9 3.44.8 0.52 13.40 
Pulmonary Tuberculosis....... 92 4.3 2.6-5.8 0.66 15.40 
Non-Tuberculous Pulmonary 
saath esse ig a anes 7 3.9 3.6-4.9 0.43 11.08 





Sub-division of Patients with Pulmonary Tuberculosis 

















1 21 4.3 2.6-5.8 0.82 19.0 
2 32 4. 3.0-5.0 0.51 12.2 
3 19 4.1 3.0-5.3 0.62 15.1 
4 7 4.2 $.2-5.2 0.61 14.5 
5 13 4.6 3.5-5.5 0.65 14.1 





that the low serum chloride concentration which occurred in these 
patients was, in a large measure, the result of a reciprocal shift in 
the concentration of the anions Cl- and HCO; (Chart 1). 


Serum Potassium 
The mean value for serum potassium concentration was not sig- 
nificantly elevated in a group of 92 patients with pulmonary tuber- 
culosis (Table 7). This is in marked contrast to the findings in pa- 
tients with Addison’s disease who frequently have a considerable 
increase in serum potassium concentration. 


Hydrogen Ion Concentration of Arterial Blood 


Determination of the hydrogen ion concentration of arterial blood 
in two patients with pulmonary tuberculosis by means of the Glass 
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Electrode pH meter revealed a small, but significant, decrease in the 
hydrogen ion concentration. 











pation | _ceaue, | eure | soem | inne |meuarocert 

“a | Sor | “moce | ,M2t., | amuse | uso | use| au 
met 

S. Ba 2 7.63 | 91.4 26.8 140.1 3.8 54.0 

M. C. 4 7.600 | 91.9 | 28.0 141.6 4.7 53.4 





A decrease in the hydrogen ion concentration of similar magnitude 
was also observed in a patient with extensive non-tuberculous pul- 
monary disease. The shift in hydrogen ion concentration of arterial 
blood in these patients may have resulted from the maintenance of a 
normal serum sodium concentration in the presence of a reduction in 
chloride concentration which was considerably greater than the cor- 
responding increase in serum bicarbonate concentration. 


Hematocrit Determination (Percent Volume of Packed Cells) 


The volume of packed cells of the patients with pulmonary disease 
exceeded that of the control normal subjects (Table 8). This change 
probably represented a response to the decrease in vital capacity. 
The increased volume of packed cells in patients with pulmonary 
disease could have been accounted for by: 

1. An absolute increase in red cell volume resulting from (a) an 
increase in the number of red cells or (b) an increase in the size 
of the individual cells. 

2. A relative increase in red cell volume due to a corresponding 
decrease in plasma volume resulting from dehydration. 

A study of the red blood cells of the patients revealed an increase 
in the number of cells without a significant increase in size. Measure- 
ment of the plasma volume in a limited number of patients revealed 
a normal total blood volume (Table 9). Hence, in most patients, 
the high hematocrit represented an actual increase in the number of 
red blood cells and in the quantity of hemoglobin. 


Plasma Volume Determinations 


Plasma volume measurements, using the dye, T-1824 (7, 8) were 
made in 18 patients with pulmonary tuberculosis and in 2 patients 
with non-tuberculous pulmonary disease. In both groups of patients 
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it was noted that the plasma volume was approximately 15 percent 
less than the expected volume for normal subjects of corresponding 
sex and body surface area (8). However, the total blood volume cal- 


TABLE 8 
Hematocrit Determinations (Volume of Packed Cells) in Patients with Pulmonary Disease 





HEMATOCRIT, PER CENT CELL VOLUME 














| 
NUMBER | 
GROUP or . 
M Standard Coefficient 
5 sanict | Value Range Deviation Veslstien 
| 
Normal Subjects.............. 9 47.1 42.5-51.0 2.28 4.84 
Pulmonary Tuberculosis .. . 103 | 50.2 38 .0-57.5 3.30 6.57 
Non-Tuberculous Pulmonary | 
EEN eee eae | 7 50.2 44.0-60.0 4.89 9.70 





Sub-division of Patients with Pulmonary Tuberculosis 





























1 | 24 | 50.3 46.0-53.5 2.19 | 4.35 
2 36 50.6 44.0-57.0 3.01 5.94 
3 21 49.6 44.0-57.5 3.44 6.93 
4 7 | 50.8 46.3-53.8 2.80 5.50 
5 1S | 49.7 38.0-57.5 4.89 9.84 
TABLE 9 

Plasma Volume Determinations in Patients wtih Pulmonary Tuberculosis 
—— NUMBER voLoa ce. =" curr (PE. one a — 
PATIENTS VALUE) NORMAL VOLUME) VOLUME NORMAL 
1 7 2,590 90.3 48.5 5,030 96.8 
2 5 2,600 85.0 48.2 5,220 94.2 
3 3 2,360 87.3 52.3 5,030 101.0 
4 1 1,625 65.0 52.2 3,400 75.0 
5 2 2,360 87.0 50.5 4,730 97.2 
ES eee ee 2,475 86.5 49.5 4,960 95.6 

Non-Tuberculous Pul- 

monary Disease.... . 2 2,190 85.5 54.6 4,800 108.7 























culated from the plasma volume and hematocrit was found to be 
approximately normal, the mean value for all of the patients with 
pulmonary tuberculosis being 95.6 percent of normal. 

It appeared that in these patients an approximately normal total 
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blood volume had been maintained under conditions in which the 
volume of red cells had increased and the volume of plasma had de- 
creased. Such a shift would of course increase the oxygen-carrying 
capacity of the blood and would compensate to some extent for the 
reduced vital capacity. 

The moderate reduction in plasma volume in patients with pul- 
monary tuberculosis differs greatly from the striking decrease in 
plasma volume which occurs in patients with Addison’s disease. In 
addition, a significant reduction in total blood volume is noted in 
patients with Addison’s disease (15). 


Effect of a Three Day Period of Sodium Chloride Deprivation With 
Added Potassium Medication 


It has been well established that a regimen of sodium chloride 
restriction with supplementary potassium medication is poorly toler- 
ated by patients with Addison’s disease. In some patients an adrenal 
crisis has been precipitated by the institution of this procedure (11). 
Under the conditions imposed by the test, sodium and chloride are 
excreted in the urine in a much higher concentration by patients with 
Addison’s disease than by normal control subjects or patients with 
other diseases. In addition to the marked effect on the renal excre- 
tion of electrolytes it has also been observed that during the test, 
patients with adrenal cortical insufficiency feel weak, lose weight and 
become dehydrated. Frequently a decrease in blood pressure, plasma 
volume, serum sodium and chloride and an increase in serum potas- 
sium occur. 

As a critical test to determine the presence of adequate adrenal 
cortical function, a group of 60 patients with pulmonary tuberculosis 
were given a three day period of sodium chloride deprivation with 
supplementary potassium medication according to the technic de- 
scribed by Cutler, Power and Wilder (11). With two exceptions the 
clinical condition of all of the patients was essentially unchanged at 
the termination of the test on the third day. This is remarkable when 
one realizes that in the presence of an active infection, sodium chloride 
withdrawal with supplementary potassium medication precipitated 
no untoward signs and symptoms in 58 of 60 patients with pulmonary 
tuberculosis. The mean value for blood pressure of these patients 
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before the test was 106/65 mm. of Hg. No change in blood pressure 
was observed during the period of sodium chloride withdrawal. The 
mean value for weight loss during the period of the test was 0.9 Kg. 
(Range 0.5-2.8 Kg.). Seven of the patients lost more than 1.5 Kg. 
in weight. 

The changes in blood chemistry during the three day test period 
were followed in 31 of the patients with pulmonary tuberculosis. 
Hemoconcentration was slight (Table 10). No significant change in 


TABLE 10 


Changes in Serum Electrolyte Concentration in Patients with Tuberculosis During a 
Three-Day Sodium Chloride Deprivation Test 

































































HEMATOCRIT, . 
oe | ee ae, ae) ame | Se, 
man WEIGHT, KG. PACKED M.EQ. PER M.EQ. PER PER LITER “| M.EQ. PER 
GROUP of CELLS) LITER LITER LITER 
re 
& i 
B= _ After |Before| After al After _ After Betore After _ After 
1 2 168.6) 67.3) 51.1) 52.5)'95.0) 86.3/28.4 26.51140.01139.1 4.3) 4.6 
2 7 |69.0) 68.1) 53.2) 53.9/|92.4| 90.0/27.4| 28.0)140.5/138.7) 4.6) 4.5 
3 7 (63.1) 62.4) 49.7) 51.5)/95.1) 88.4/27.6| 28.8)139.1/137.9) 4.2) 4.6 
4 6 |63.8) 63.0) 51.3) 52.4/96.6| 89.0)/27.8| 26.1/140.8/138.7| 4.0) 4.8 
5 9 |59.0) 58.1) 49.2) 51.0)92.8) 86.8/28.2| 29.3/139.0)137.2) 4.8) 4.6 
Change (mean 
value)........ -0.9 +1.1| -6.1 +0.3 -1.7|  |40.2 
Non-Tuber- | 
culous Pul- 
monary 
Disease... .| 2 |57.0) 55.8) 48.8) 51.6//93.3| 87.6/27.6| 26.7|137.9|136.0 
Change (mean 
value)........ —1.2 +2.6| —5.7 —0.9 —1.9 

















serum sodium, potassium or bicarbonate concentration was observed. 
However, there was an appreciable reduction in serum chloride con- 
centration despite the initial low serum chloride concentration. Simi- 
lar changes were also observed in two patients with widespread non- 
tuberculous pulmonary disease. It thus appeared that patients with 
pulmonary disease were unable to maintain efficiently the serum 
chloride concentration. This defect was apparently specific for the 
chloride ion. 
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In contrast to patients with Addison’s disease no significant increase 

was noted in the serum potassium concentration of patients with 

pulmonary tuberculosis during the three day test period. 

During a preliminary control period the average daily excretion of 
sodium chloride in a group of 60 patients with pulmonary tuberculosis 
amounted to 8.4 gm. (mean value), the range being 3.2-16.9 gm. per 
day. These studies were made during a period of unrestricted diet. 
During the first two days of the sodium chloride-free diet, these pa- 


TABLE 11 


Concentration of Sodium and Chloride in Urine During the Third Day of the Sodium 
Chloride-Deprivation Test* 

















SODIUM, CHLORIDE, 
NUMBER M.EQ. M.EQ. 
GROUP or PER LITER RANGE PER LITER RANGE 
SUBJECTS (MEAN (MEAN 
VALUE) VALUE) 
1 9 5.9 2.9-15.1 10.0 6.3-19.8 
2 17 6.7 3.3-11.7 10.3 3.4-24.3 
3 16 4.6 0.4-13.3 9.5 2.0-24.1 
4 6 §.2 1.6- 8.7 8.7 4.8-19.0 
5 12 $.3 0.1-18.0 9.5 4.0-21.2 
60 5.6t 0.1-18.0 9.7 2.0-24.3 
Non-Tuberculous Pul- 
monary Disease..... 2 3.3 0.5- 6.0 5.3 3.4- 7.2 























* Values for normal subjects: concentration of sodium in urine 5 m.eq. per liter (2-10 
range); concentration of chloride in urine 12 m.eq. per liter (6-40 range) (11). 

t Standard deviation, 3.6; coefficient of variation, 64.6. 

¢ Standard deviation, 5.1; coefficient of variation, 53.0. 


tients excreted 6.8 gm. of sodium chloride per day (mean value), the 
range being 1.7—14.3 gm. per day. 

A study of the concentration of sodium and chloride in the urine 
during the third day of the sodium chloride-deprivation test revealed 
that the values in most instances were well within normal range 
(Table 11). In 60 patients with pulmonary tuberculosis the mean 
value for sodium concentration was 5.6 m.eq. per liter; (0.1-18.0 
range) the value for normals is approximately 5 m.eq. per liter (2-10 
m.eq., range). The value for chloride concentration in the 60 patients 
was 9.7 m.eq. per liter (2.0-24.3, range); the value for normals is 
approximately 12 m.eq. per liter (6-40, range). 
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The two patients in whom the highest concentration of urinary 
sodium (15.1 and 18.0 m.eq. per liter) was observed on the third day 
of the test lost 2.8 and 1.6 Kg. in weight respectively. No untoward 
symptoms other than lassitude and anorexia were observed in these 
patients during the three days of the test. However, on the basis of 
the increased urinary excretion of sodium, their subsequent clinical 
course is being followed, to observe whether or not, signs of adrenal 
cortical insufficiency will ultimately become manifest.* 

On the basis of the sodium chloride deprivation test, 58 of 60 pa- 
tients with pulmonary tuberculosis failed to reveal evidence of an 
inability to conserve sodium and chloride efficiently. In so far as 
this test is capable of demonstrating the presence of adrenal cortical 
insufficiency, the observations in this study indicated an absence of 
adrenal cortical insufficiency in these patients. The greatest sig- 
nificance of these results lies in the fact that it is possible to establish 
the diagnosis of adrenal cortical insufficiency in the presence of pul- 
monary tuberculosis by applying the Cutler, Power and Wilder Test. 
The observations on this large series of patients with pulmonary 


tuberculosis confirm the earlier report of Cutler, Power and 
Wilder (11). 


Appetite for Sodium Chloride 


It is well known that patients with Addison’s disease frequently 
manifest an increased appetite for salt. Recently this has also been 
confirmed experimentally by Richter and Eckert on adrenalectomized 
rats (16). In the present study the sodium chloride intake of a 
group of 16 patients with pulmonary tuberculosis was observed. On 
a diet which contained approximately 8-10 gm. of sodium chloride 
per day, a marked variation was noted in the quantity of added sodium 
chloride which was used by these patients: 1.14 gm. per day (mean 
value), with a range of 0.20 to 3.88 gm. per day. No correlation 
could be established between the quantity of added sodium chloride 
used and the extent of the pulmonary tuberculosis. 


®One patient died at home one year after this study was completed. No 
autopsy was obtained. The second patient has continued to be under hospital 
supervision. 
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DISCUSSION 


Recently, Winkler and Crankshaw (17) have described a “‘heter- 
ogenous group of patients who have in common the ability to excrete 
considerable amounts of chloride in the urine at times when the serum 
chloride concentration is at a level at which chloride excretion nor- 
mally is greatly reduced. All showed some degree of salt deficit, 
which was brought about through the operation of this peculiar altera- 
tion in renal status. The fact that they all had pulmonary lesions 
may well have been fortuitous. Serum chloride deficit in pulmonary 
tuberculosis has been reported (18), and apparently is correlated 
neither with the severity of the disease nor the extent of the lesions. 
It is interesting however, to note the similarity in chloride behaviour 
of the other cases to the cardiac case with primary CO, excess, in 
which we have some reason to believe that the renal alteration is a 
direct and compensatory reaction to the pulmonary disease.”’ 

The present study supports in part the conclusions of Winkler and 
Crankshaw (17). However, it would appear that in patients with 
pulmonary tuberculosis there is a correlation between the reduction 
in vital capacity (extent of the lesion) and the serum chloride deficit. 
Furthermore, it seems apparent that in most instances, the disturbance 
in chloride metabolism is not associated with a corresponding dis- 
turbance in sodium metabolism. The serum sodium level of patients 
in this study could be maintained at a normal concentration by ad- 
ministering an adequate quantity of sodium chloride. However, 
regardless of the sodium chloride intake, the serum chloride concen- 
tration could not be restored to normal in these patients. 

In two patients with pulmonary tuberculosis, there was some degree 
of impairment in the ability of the kidney to reabsorb sodium ef- 
ficiently. It is suggested that in these patients in the absence of 
kidney disease it is highly probable that there were associated patho- 
logical changes in the adrenal cortex or anterior pituitary (19). 

Recently, Westwater, Stiven and Garry (20) studied the serum 
sodium level in patients suffering from tuberculosis. These investiga- 
tors noted a lower-than-normal serum sodium level in a majority of 
their patients and suggested that a derangement of the adrenal cortex 
was responsible in part at least for this finding. In such a study the 
demonstration of a low serum sodium concentration is not evidence 
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per se that the disturbance in sodium metabolism is due to adrenal 
cortical insufficiency. Sufficient evidence has now been accumulated 
to indicate that in man, adrenal cortical insufficiency brings about a 
lower-than-normal serum sodium concentration by increasing the 
renal excretion of this electrolyte. Hence, in patients with pul- 
monary tuberculosis it is necessary to demonstrate an inability on 
the part of the kidney to reabsorb sodium efficiently before one is 
justified in assuming that a lower-than-normal serum sodium level 
is due to an impairment of adrenal cortical function. It is of interest 
in this respect to note that in the studies of Westwater, et al. (20), a 
negative sodium balance was not observed in any of the patients 
who were studied on a balanced regimen. In the present study it 
has been shown that the majority of patients with pulmonary tuber- 
culosis reabsorbed sodium efficiently and did not develop signs or 
symptoms of adrenal cortical insufficiency when deprived of sodium 
chloride and given at the same time, large quantities of potassium 
citrate. 


SUMMARY 


A significant decrease in serum chloride concentration was observed 
in patients with pulmonary tuberculosis and in patients with ex- 
tensive, non-tuberculous pulmonary disease. The decrease in serum 
chloride concentration paralleled closely the decrease in the vital 
capacity of these patients. The serum bicarbonate concentration 
was increased in patients with extensive pulmonary disease. How- 
ever, the increase in serum bicarbonate concentration did not equal 
in magnitude the reduction in serum chloride. No significant altera- 
tion in the concentration of serum sodium or potassium was observed 
in either group of patients. 

The hematocrit (per cent cell volume) of patients with pulmonary 
tuberculosis and extensive non-pulmonary disease was greater than 
normal. Blood volume studies and examination of the red blood cells 
indicated that in most instances an increase in the number of red 
blood cells and in the total volume of red cells had occurred. This 
was associated with a corresponding decrease in the volume of blood 
plasma. 

In 58 of 60 patients with pulmonary tuberculosis, a three day 
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regimen of low sodium chloride intake with supplementary potassium 
medication did not precipitate signs or symptoms of adrenal cortical 
insufficiency. Furthermore, with the exception of a considerable 
decrease in serum chloride concentration, the changes which occurred 
in serum electrolytes, body weight and blood pressure during this 
period were within normal limits. The concentrations of sodium 
and chloride in the urine on the third day of the test were also well 
within the normal range. However, the concentration of chloride 
was considerably greater than that of sodium. The appreciable 
weight loss, the higher-than-normal concentration of sodium and 
chloride in the urine, and the symptoms of anorexia and weakness 
which occurred in two patients with pulmonary tuberculosis sug- 
gested that some degree of adrenal cortical insufficiency may have 
been present in these two patients. 


CONCLUSIONS 


Patients with pulmonary tuberculosis and extensive non-tuber- 
culous pulmonary disease were observed to have a striking decrease 
in serum chloride concentration which paralleled the reduction in 
vital capacity. The decrease in serum chloride concentration was 
compensated for in part by an increase in serum bicarbonate con- 
centration. During a sodium chloride deprivation test a striking 
reduction in serum chloride concentration was observed in these 
patients. The decrease in serum chloride was not accompanied by a 
decrease of corresponding magnitude in serum sodium. During the 
third day of the test, although the concentrations of sodium and 
chloride in the urine were both within normal range, the concentration 
of chloride exceeded that of sodium. The increase in chloride excre- 
tion, which occurred under these circumstances although definite, 
did not approach in magnitude the increased excretion of chloride 
which is observed in adrenal cortical insufficiency. Furthermore, 
in pulmonary disease, the alteration in chloride metabolism was not 
associated with a corresponding change in sodium metabolism. 

Patients with pulmonary tuberculosis were observed to differ from 
patients with Addison’s disease in respect to the following: 

(a) In the ability to maintain a normal serum concentration of 

sodium and potassium. 
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(b) In the ability to preserve a normal total blood volume and 

(c) In the ability to withstand a regimen of sodium chloride de- 
privation with supplementary potassium medication without 
manifesting the changes in body weight, blood pressure and 
urinary concentration of sodium and chloride typically ob- 
served in the presence of adrenal cortical insufficiency. 

In the absence of acidosis or renal disease the response to the Cutler, 
Power and Wilder sodium chloride-deprivation test is of great aid in 
differentiating patients with pulmonary tuberculosis from patients 
in whom the pulmonary tuberculosis is complicated by adrenal cortical 
or anterior pituitary deficiency. 


The authors are indebted to Doctor Harry A. Bray, Superintendent of the 
New York State Hospital for Incipient Tuberculosis, Ray Brook, and to Miss 
Elizabeth Olsen, Dietician-in-charge and Miss Mildred Caldwell, Nurse-in-charge 
of the Metabolic Unit of the Johns Hopkins Hospital for their continued assist- 
ance and cooperation. The authors also wish to acknowledge the technical 
assistance of Mrs. Harold J. Stein, Mr. Harry Eisenberg and Mr. William Sause. 


APPENDIX 
Classification of the Extent of Pulmonary Lesions 


1. Minimal: Slight lesions without demonstrable excavation confined to a small 
part of one or both lungs. The total extent of the lesions, regardless of 
distribution, shall not exceed the equivalent of the volume of lung tissue 
which lies above the second chondrosternal junction and the spine of the 
fourth or body of the fifth thoracic vertebra on one side. 

2. Moderately Advanced: 

One or both lungs may be involved, but the total extent of the lesions shall 
not exceed the following limits: 

Slight disseminated lesions which may extend through not more than the 
volume of one lung, or the equivalent of this in both lungs or 

Dense and confluent lesions which may extend through not more than the 
equivalent of one-third the volume of one lung or 

Any gradation within the above limits or 

Total diameter of cavities, if present, estimated not to exceed 4 cm. 

3. Far Advanced: Lesions more extensive than Moderately Advanced. 


Signs and Symptoms 


a. None or slight elevation of temperature. 
b. Slight. Constitutional and functional symptoms, such as loss of weight, ease 
of fatigue, and anorexia, are slight and not rapidly progressive. Tem- 
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perature not more than one-half degree above normal at any time during 
the twenty-four hours. Slight or moderate tachycardia. Cough, if any, 
is not hard or continuous; sputum, if any, may amount to one ounce or 
less in twenty-four hours. 

c. Moderate. Symptoms of only moderate severity; fever, if any, does not ex- 
ceed two degrees. No marked impairment of function, either local or 
constitutional, such as marked weakness, dyspnea, and tachycardia. 
Sputum usually does not exceed three or four ounces in twenty-four hours. 

d. Severe. Marked impairment of function, local or constitutional. Usually 
there are profound constitutional symptoms, such as weakness and con- 
tinuous or recurrent fever. Cough often is hard and distressing and the 
sputum may be copious. 
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No reports have appeared concerning the effectiveness of sulfa- 
thiazole in the treatment of E. coli communis infections in mice, al- 
though the bacteriostatic effect of the drug upon this organism is 
well known. 

During the last year, Corry, Brewer and Nicol (1), and Ravdin, 
Rhoads and Lockwood (2) have published reports indicating the 
efficacy of sulfanilamide in the treatment of peritonitis, generalized 
or localized, following appendicitis. The organism most frequently 
cultured at operation in these cases is £. coli, although streptococci 
(hemolytic and non-hemolytic) and C. Welchii are often present 
as well. 

This investigation was undertaken to determine which of the three 
sulfonamide derivatives now in use (sulfanilamide, sulfapyridine, or 
sulfathiazole) is the most effective in experimentally produced E. coli 
communis infections in mice. 


METHODS 


A strain of E. coli communis cultured from the blood of a patient on the Brady 
Urological Service, who suffered from urinary retention and a urinary tract 
infection, was used in this investigation. It fulfills all the morphological and 
cultural criteria of E. coli communis, i.e. a Gram-negative rod, fermenting lactose 
and dextrose with the production of acid and gas, but not fermenting sucrose. 
The organism grows at the rate of 500,000,000 per c.c. in twelve hours in either 
2 per cent Neo Peptone or 2 per cent Bacto Tryptose,0.075 per cent dextrose 
beef infusion broths, which were used throughout the experiment. 

With each animal passage, the bacterium was cultured from the heart’s blood 
in lactose and sucrose, these two media sufficing to identify the organism. 

The bacterium was tested for pathogenicity in white mice (strain CF 1), which 
were used throughout the investigation. 0.5 c.c. of various dilutions of 12 hour 
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broth cultures was injected intraperitoneally. The lethal dose was found to be 
0.5 c.c. of 1:50 dilution (5,000,000 organisms); the animals routinely died in 
about eight hours, with positive heart’s blood cultures. The virulence of the 
organism was not enhanced by repeated animal passage. 

The virulence of the organism was enhanced by using mucin as a diluent, as 
first described by Miller (5) in experimental meningococcal infections in mice. 
Dilutions of a 12-hour broth culture of E. coli communis were made in mucin 
and injected intraperitoneally. It was found that the virulence of the organism 
was so increased that 0.5 c.c. of a 1:50,000,000 dilution in mucin consistently 
killed the mice in 12 to 16 hours, again with positive heart’s blood cultures. 
This inoculum represents about 5 organisms, so that the virulence is enhanced 
about 1,000,000 times by the use of mucin. 

The mechanism of this action of mucin is not entirely clear. It is thought to 
interfere locally with the host’s defense mechanism, rendering the barrier between 
the peritoneal cavity and blood stream more permeable. 

For testing the therapeutic effect of the three drugs, mice were routinely infected 
intraperitoneally with 0.5 cc. of a 1:500,000 dilution in mucin of a 12-hour broth 
culture, i.e. about 100 minimal lethal doses. The inoculum was determined in 
each series of experiments by making broth dilutions to 1:5,000,000 from the 
1:50,000 mucin dilution. 0.5 c.c. of this 1:5,000,000 broth dilution was poured 
in plain agar and layered with agar to facilitate colony counting. Inocula varied 
between 300 and 670 organisms. 

The drugs were administered orally, either by gavage or as part of the diet. 

In the former method, the mice were fed through a long, blunt 16-gauge needle 
with 10 mgm. of the drug (0.5 c.c. of a 2 per cent acacia suspension). The first 
feeding was given immediately after the mice were infected, and two more feed- 
ings were given at 24-hour intervals. 

In the latter method, recently used by Bieter, e¢ al. (6), the drugs were added 
to the diet in concentrations varying from 0.25 per cent to 1.00 per cent. The 
animals were kept in separate, specially constructed cages and the amount of 
drug consumed each day was accurately determined by weighing the food con- 
tainer. As Litchfield, White and Marshall (7) have shown, a more constant blood 
level is maintained when the drugs are administered in this way. The mice were 
kept on the diets for two days before they were infected, and for three days 
afterwards. 


RESULTS 
A. In Vitro 


Long and Bliss (3) have recently published observations on the 
bacteriostatic effect of sulfanilamide, sulfapyridine, and sulfathiazole 
on various bacteria in 2 per cent Neo-peptone, 0.075 per cent dextrose 
beef infusion broth. They found sulfathiazole to be slightly more 
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effective than sulfapyridine against E. coli, and both drugs were much 
more bacteriostatic than sulfanilamide which exerted little or no effect. 

Table I shows the bacteriostatic effect of the three drugs on the 
strain of E. coli used in this investigation. The method used was 
similar in all respects to that previously described by McKee and 
coworkers (4) and Long and Bliss (3). 

Sulfanilamide exerts no appreciable effect, even in 50 mgm. per cent 
concentration. Sulfathiazole is more effective than sulfapyridine in 
both concentrations, and the action of both these drugs in the higher 
concentration is greater than in the lower. 


TABLE I 
Bacteriostatic Effect of Sulfanilamide, Sul fapyridine, and Sulfathiazole on E. coli communis 




















GROWTH—COLONIES PER C.C. AFTER 18 HOURS 
INOCULUM 
ORGANISMS , 
PER Cc. Sulfanilamide Sulfapyridine Sulfathiazole Control 
10 mgm. per cent | 10 mgm. per cent 10 mgm. per cent } ae 
| 
300 1,200,000, 000 720, 000 , 000 100,000 ,000 1,050, 000,000 
16 800,000,000 | 240,000,000 50,000,000 1,240,000,000 
50 mgm. per cent 50 mgm. per cent 50 mgm. per cent | 
16 1,660, 000,000 7,650,000 2,750,000 | 1, 760,000,000 














B. In Vivo 
1. Drugs administered by gavage 


One hundred mice were infected as outlined under methods; twenty- 
five were treated with sulfanilamide, twenty-five with sulfapyridine, 
twenty-five with sulfathiazole and twenty-five served as controls. 
The results are shown in Table II. It is obvious that sulfanilamide 
has very little effect, while the efficacy of both sulfapyridine and 
sulfathiazole is in striking contrast, 100 per cent surviving with the 
former and 96 per cent with the latter drug. 

Table III shows the blood levels attained in mice after this ‘‘massive 
dose”’ method of administering the drugs. After 1 hour, high con- 
centrations of all the drugs are obtained, and at 4 hours, the levels 
of sulfapyridine and sulfathiazole are well maintained, while the sulf- 
anilamide level is still fairly adequate. At 8 hours, the sulfapyridine 
level is still high, sulfathiazole fairly adequate, while the sulfanilamide 
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TABLE II 
Effect of Sulfonamides on E. coli communis Infections in Mice 
NUMBER pti nal DRUG—10 MGM. DAILY ————— weg —— 
OF MICE COLONIES FoR 3 DAYS 
24 48 72 96 |Number/|Per cent 
25 300 Sulfapyridine 25 | 100 
25 300 Sulfathiazole 1 24 96 
25 300 Sulfanilamide 23 1 1 4 
25 300 CONTROLS 25 0 0 

















* E. coli communis cultured from heart’s blood in 98% of autopsies. 


























TABLE III 
Blood Levels in Mice after Administration of the Sulfonamides by Gavage 
BLOOD LEVELS OF FREE DRUG 
DRUG DOSE 
1 hour 4 hours 8 hours 
agn. “92 | compe 99 
¢ 
EEE ee ere ee ee 10 22.4 5.7 1.0 
og Oo aeed 5.0 bows Shaws wes 10 23.6 21.2 16.0 
I Aca rich ctes tates uae na at 10 17.4 9.6 4.0 
TABLE IV 


Comparative Effect of Sulfathiazole and Sul fapyridine on E. coli communis Infections in Mice 























AVERAGE DAILY | »e aTH—HOURS AFTER 
AVERAGE INTAKE BEFORE * SURVIVALS 
ar —— DRUG—PER CENT IN DIET eee mabe 
MICE \coLONIES |Num-} Per 

ist 2nd 24 48 72 96 | ber | cent 
30 530 Sulfathiazole, 1.0% a7. 27.9 1 83} 2 16 |53.3 
30 530 Sulfapyridine, 1.0% Ns. 1 mele 5 |16.7 
27 465 Sulfathiazole, 0.75% 11.5 19.1 74.3 1 16 |59.3 
26 | 465 | Sulfapyridine,0.75% |9.5 | 18.1|17| 3 6 |23.1 
30 430 Sulfathiazole, 0.50% 7.4 12.1 | 24) 1 5 |16.7 
34 430 Sulfapyridine, 0.50% 6.0 9.9 | 27 3 4 |11.8 
20 390 Sulfathiazole, 0.25% 4.6 6.1 |17| 2 1 | 5.0 
16 390 Sulfapyridine, 0.25% 2.8 4.5 | 15 1 | 6.7 

55 |340-670| CONTROLS 55 0; 0 


























* E. coli communis cultured from heart’s blood in 98% of autopsies. 
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has practically disappeared. It was shown by Miller (5), that maxi- - 
mum invasion occurs during the first 3 hours after injection of the 
organism suspended in mucin. During this period, there was ade- 
quate blood concentration of all the drugs, and the failure of sulfanil- 
amide in the treatment of this infection cannot be attributed solely 
to its rapid absorption and excretion. 


2. Drugs administered in diet 

To determine whether sulfapyridine or sulfathiazole is more effec- 
tive in combating this infection in mice, the drugs were administered 
in the diets. In this way, a more constant blood level is maintained. 
On the morning of the third day, the mice that had eaten well of the 
diet for the preceding two days were infected in the usual way, receiv- 
ing about 100 M.L.D.’s of E. coli communis intraperitoneally in mucin. 
The results are tabulated in Table IV. 

It is clear that 1.00 per cent and 0.75 per cent sulfathiazole in the 
diets is more effective than sulfapyridine in the same concentrations. 
On diets containing 0.50 per cent and 0.25 per cent of the drugs, there 
is no significant difference in the percentage of survivals. 

Blood levels of the free drug in mice which had been on these diets 
for 5 days were as follows: 











eer | Mocoyavm 
per cent mgm. per cent 
0.25 3.85 
— 0.50 4.97 
nace dccae ior eadiras Rucee neat a kes 0.75 8.50 
1.00 11.90 
0.25 
‘ 0.50 2.41 
ie edict oG.c ore aaa warn ohne 0.75 4.01 
1.00 6.22 








It is interesting to find that the blood levels of the mice on sulfa- 
pyridine diets are twice as high as the levels of the mice taking the 
same strength diets of sulfathiazole, even though the mice actually 
eat slightly more sulfathiazole (see Table IV). 
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DISCUSSION 


Autopsies were performed as soon after death as possible (usually 
within a few hours) on all but 4 of the fatally infected mice. There 
was no evidence of peritonitis macroscopically; no microscopic exami- 
nation was made. Of the cultures made from the heart’s blood, more 
than 98 per cent yielded £. coli communis. It is therefore concluded 
that intraperitoneal infection with EZ. coli communis in mucin pro- 
duces a bacteremia in mice, fatal unless adequately treated. 

The results of this investigation show conclusively that sulfathiazole 
is the most effective of the sulfonamides now available (i.e. sulfanil- 
amide, sulfapyridine, and sulfathiazole) in combating this infection 
in mice. This is not because higher blood concentrations of sulfa- 
thiazole are attained. Indeed, the reverse is true. The effect is due 
rather to the action of the drug itself, as was indicated in the in vitro 
tests (Table I). 

It is suggested that sulfathiazole is the drug of choice in the treat- 
ment of certain infections in man due to E. coli. These infections 
would include generalized or localized peritonitis complicating appen- 
dicitis or following trauma (gun-shot, stab wounds, etc.) and peri- 
toneal infection following abdominal operations. Sulfathiazole might 
also be employed for prophylactic as well as therapeutic purposes in 
dealing with these infections. 


SUMMARY AND CONCLUSIONS 


1. The virulence of EZ. coli communis for mice is greatly enhanced 
by the use of mucin. 

2. The therapeutic effect of sulfanilamide on such infections is slight. 

3. Sulfathiazole is more effective than sulfapyridine in the treat- 
ment of experimental colon bacillus infections in mice; and both of the 
former drugs are far more effective than sulfanilamide. 

4. On the basis of the experimental data presented in this paper, it 
would seem that sulfathiazole is at present the drug of choice for the 
treatment of £. coli infections in the tissues of human beings. 


I wish to express appreciation to Dr. Perrin H. Long for the many helpful 
suggestions he made during the course of this investigation. 
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In the anterior deltoid region of the upper arm of some Negroes 
there occurs a sudden transition in the degree of pigmentation of the 
skin, the darker, outer aspect of the extremity abutting suddenly on 





d 


Fic. 1. SHARP TRANSITION IN DEGREE OF PIGMENTATION OF UPPER ARM 
OF 67 YEAR OLD NEGRESS DESCRIBED IN TEXT 
The line usually follows lateral margin of belly of biceps muscle, but in this 
case coincides more nearly with its medial margin. 


the less deeply pigmented flexor surface with a resultant sharp linear 


margin. ‘This line was found to exist bilaterally in 35 of 200 Negroes 
examined for its presence (1). It was further remarked (1) that the 
author had observed no similar line on the trunk of a Negro or any- 
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where on the body of a white subject. This statement should be 
amended. 

In an adult Negress the line was found present bilaterally, situated 
on the arms more medially than is usual and following roughly the 
inner border of the biceps muscle. The line extended from the ante- 
cubital fossa up the arm to the anterior axilla and thence down the 
chest in the anterior axillary region for a few centimeters, finally 
turning medially across the anterior surface of the thorax. ‘The line 
became much less distinct as it approached the midline at the level 
of the third rib, where it merged with the similar line on the other side 
of the body. The general effect was suggestive of a dark shawl cover- 
ing the upper arms, the shoulders, and the upper chest. No similarly 
abrupt transition in pigmentation was found on the skin of the dorsal 
surface of the subject’s thorax. Examples of the distribution of 
pigmentation on the thorax described above must be relatively rare. 
Dr. Henry Bunting of the Yale University School of Medicine informs 
me that he has observed it in 2 Negresses. 

As regards the white race, it is of interest that a relatively faint 
line similar to that described in Negroes (1) has been seen bilaterally 
on the upper arm of a dark-complexioned white male who was born 
in Italy. 
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BOOK REVIEWS 


(These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of this Journal.) 


Principles of Surgical Care; Shock and Other Problems. By ALFRED BLALOCK, 
M.D. 325 pp. Illus. $4.50. The C. V. Mosby Company, St. Louis, 1940. 
This book, devoting about one third of its pages to surgical shock, serves 
chiefly to express the views of its author upon that subject. There is little new 
work presented, and the exhaustive review of the literature on shock has been 
published before. The chapter on anesthesia and anesthetic agents is a clearly 
stated exposition of the known facts. That portion of the book which deals with 
the other phases of pre-operative and postoperative care does not add anything 

to the material found in most textbooks. 

E. S. S. 


Trauma and Internal Disease. By Frank W. Spicer. 593 pp. Illus. $7.00. 
J. B. Lippincott Company, Philadelphia, London, Montreal, 1939. 

The increase in the incidence and violence of trauma with the development of 
swifter modes of transportation has accentuated the need for a broader under- 
standing of the relation of trauma and disease. The better the possible conse- 
quences of injury are comprehended the more intelligent will be the primary care 
of the patient. Moreover, a certain proportion of accidents lead to lawsuits and 
the physician is often obliged to testify when his patient is involved. Here arises 
a real need for authoritative information, for no one physician has the opportunity 
to encounter all types of traumatic disease. 

The author considers the role of trauma as a cause of disease, particularly of 
visceral disease, and the pathology and clinical manifestations of diseases so 
produced. Unfortunately the book suffers from the same limitation as the 
physician mentioned above. The author’s own experience in the field is un- 
doubtedly wider than most but this volume is largely a compilation of the opinions 
of representative writers in various fields. In that it presents these under one 
cover the book should be of value to those who are called upon to treat or to 
defend the injured. In that the opinions recorded therein sometimes conflict the 
physician may remain confused. 

E. C. A. 


Manual of Toxicology. By Forrest RAMON Davison. 241 pp. $2.50. Paul B. 
Hoeber, New York, 1939. 
This manual is a concise outline of the elements of toxicology. The initial 
chapter on fundamental principles and the final chapter on toxicological analysis 
offer a brief, well organized survey. 
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There are certain omissions of recent work. I could find no section on the 
diagnosis and therapy of barbiturate poisoning. A number of important thera- 
peutic procedures recently developed receive no mention, for example: the use 
of barbitures in strychnine poisoning, of sodium formaldehyde sulfoxalate in 
mercury poisoning, of picrotoxin in barbiturate poisoning, of nitrites in cyanide 
poisoning. 

M. R. 


The Soldier’s Heart and the Effort Syndrome. By Str THomas Lewis. 2nd ed. 
103 pp. 8/6net. Shaw and Sons, London, 1940. 

The first edition of this monograph appeared shortly before the close of the 
Great War. In the second edition, which is particularly welcome at this time, 
the chapters have been rearranged and the text has been shortened and largely 
rewritten. Outmoded portions have been eliminated. No new material has 
been added except in the discussion of prognosis. 

The author introduced the concept of the effort syndrome at a time when the 
medical officers of the British Army were bogged down in trying to assess cardiac 
disability in soldiers who had been rapidly transported from civilian occupations 
to the mental and physical severities of army life. By the summer of 1918 no 
less than 70,000 British soldiers who had reported sick were classified as “‘cardio- 
vascular.” The vast majority of these had no organic heart disease but exhibited 
the effort syndrome. The author contends that adequate examination of recruits 
“would have eliminated most of these men, would have kept them in useful 
employment, would have spared them much suffering, would have saved hospital 
space and large funds of the Ministry of Pensions.” Medical examiners of the 
recruiting boards were at fault because they “failed to realize that the stethoscope 
is a poor instrument with which to separate fit from unfit people.” 

The first half of the present volume is devoted to a description of the effort 
syndrome, its symptoms, signs, prognosis and treatment. The syndrome is by 
no means a precise entity, but the term serves as a convenient stamp to place 
upon a particular group of heart-conscious individuals, most of whom will in- 
evitably break down if assigned to first-line military duty. The remaining chap- 
ters are devoted to the diagnosis of heart disease in soldiers, the examination of 
recruits, and the estimation of cardiac disability in pensioners. The book is 
largely a record of personal experience, and there are no references to the literature. 

All those who are about to engage in the examination of recruits would do well 
to consult this small volume. It is thoroughly practical and shows quite clearly 
the disastrous consequences of superficial medical examinations. 

J. B., II 


Operative Surgery. By J. SHetton Horsey and Isaac A. Biccer. 5th ed. 
1567 pp. 2 vols. Illus. $18.00. C. V. Mosby Company, St. Louis, 1940. 
The fifth edition of this work on operative surgery adds a number of new chap- 
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ters to what in our opinion is the most readable and practical publication on this 
subject available at the present time. Operations on the various anatomical 
structures are presented and discussed in a brief but logical fashion. The authors’ 
ideas are clearly transmitted to the reader both because of the well prepared 
context and because of the wealth of excellent drawings by Miss Helen Lorraine, 
a former pupil of Mr. Max Broedel. New or rewritten chapters for this edition 
include those on surgery of the heart and of the lungs, the treatment of aneurisms, 
and new methods in plastic and orthopedic surgery. 
LR. F. 


Clinical Diabetes Mellitus and Hyperinsulinism. By Russet, M. WILpEr. 
459 pp. Illus. $6.00. W.B. Saunders Company, Philadelphia and London, 
1940. 

Clear and concise, instructive but not didactic, this book is written in a most 
pleasing style. Especially to be commended is the liberal use of footnotes which 
amplify the text without destroying the continuity of the thesis. Numerous case 
reports also add emphasis and clarity to the text. Where the subject under 
discussion is still controversial, the author states the varying points of view and 
then gives the reasons for adopting the ones he holds. A clear discussion of the 
present status of hypoglycemia, and the insistence upon the reservation of the 
term hyperinsulinism for overproduction of insulin and not loosely as a synonym 
for hypoglycemia, is especially welcome. 

Perhaps it is because the reviewer is in agreement with nearly all the author’s 
expressed opinions that he considers this to be such a good book. At any rate 
it is strongly recommended to practitioners and internes as a text and reference 
book, and even to those with a large diabetic practice as a review and brain 
dusting experience. 


J.E.H. 











THE RELATION OF DIET TO THE OCCURRENCE OF 
ATAXIA AND DEGENERATION IN THE 
NERVOUS SYSTEM OF PIGS! 
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Submitted for publication September 27, 1940 


A description was given, in a preliminary report (1) of the changes 
observed in the nervous system of growing pigs when they were fed 
a simplified diet, deficient in vitamins. It was suggested that these 
effects were the result of the dietary deficiency. 

Further studies have confirmed these early observations and have 
shown that the deficient substance is not vitamin A, thiamin, ribo- 
flavin or nicotinic acid, and is probably not vitamin E. Neither 
inanition nor mineral deficiency appear to be concerned in the pro- 
duction of the lesions in the nervous system. The present work sug- 
gests that the nerve-protecting factor is contained in liver and, to a 
lesser extent, in yeast. 


REVIEW OF LITERATURE 


Abnormalities in the gait of pigs have been noted from time to 
time by veterinarians and animal husbandmen (2, 3, 4, 5) and have 
been described under such titles as “lameness,” “stiffness” and “pos- 
terior paralysis.” Among the earliest accounts are those of Hart, 


1 Aided by grants from Parke-Davis and Company and the Fleischmann Labora- 
tories and carried out in co-operation with the Bureau of Animal Industry, U. S. 
Department of Agriculture. 

Synthesized vitamins were furnished by Merck and Co., Inc., and Mead Johnson 
and Co.; crude sources of vitamins by Parke-Davis and Co., Mead Johnson and 
Co., Anheuser-Busch, Inc., and General Mills, Inc. 

2? Mead Johnson Fellow in Medicine. 

A summary of these studies was presented at the 27th Annual Meeting of the 
American Society for Experimental Pathology in New Orleans, La., March 16, 1940. 
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Miller and McCollum (6) and of Wehrbein (7) in which fluid com- 
pressing the anterior horn cells, and myelin degeneration of peripheral 
nerves were described, respectively. Bacterial agents, toxins and 
kidney worms have been sought as causes, and paralysis has also been 
attributed to hereditary predisposition (2) or to compression of the 
cord as the result of broken vertebrae due to mineral deficiency (8). 
Alfalfa, pasture or earth (8) as well as meat scraps (6) have been men- 
tioned as preventing paralysis but, on the other hand, other workers 
(2, 5) have observed paralysis even in pigs fed yellow corn, linseed 
oil meal, tankage and alfalfa meal. 

Lack of vitamin A was suspected as a cause of the disorder in 
the earlier studies and subsequent observations by Hughes, Aubel and 
Lienhardt (9), Dunlop (10), Golding and Foot (11), Elder (12) and 
Hostetler, Foster and Halverson (13) furnished evidence to support 
this view. Experimental studies in other animals (14, 15) also indi- 
cate that chronic deficiency of vitamin A may lead to myelin degenera- 
tion in peripheral nerves and in scattered fibre tracts in the spinal cord. 

Eveleth and Biester (16) observed incodrdination and demyelina- 
tion in the nervous systems of swine whose diets on assay were found 
to contain adequate amounts of vitamin A. Other animals, fed white 
corn, tankage and bone meal, developed incodrdination and were not 
relieved when cod liver oil or yellow corn were fed. The experiments 
of Zimmerman and his co-workers (17) in dogs indicated that a de- 
ficiency of a substance contained in liver extract leads to degenerative 
changes in the nervous system, even when the diet contains large 
amounts of vitamin A. Our own work with pigs (1) and that 
of Chick and her co-workers (18), also indicated that ataxia may 
develop even when large amounts of cod liver oil are fed. 

We noted that degenerative changes occurred in spite of the ad- 
ministration of thiamin and riboflavin (1), and Chick e¢ al. (18) found 
that the paralytic symptoms developed even when nicotinic acid was 
given in addition to these vitamins. When a filtrate fraction of liver 
was fed as well, paralysis did not occur although “epileptic fits” were 
observed. Histologic examinations have not been reported by these 
workers so far. 

A deficiency of thiamin has long been considered a cause of de- 
generation of the peripheral nerves. According to Zimmerman (19), 
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the demyelination progresses centrally to the posterior nerve roots 
and the spinal cord. In rats (20) and in pigeons (21) changes occur 
in the brain, which are similar to those known as Wernicke’s hemor- 
rhagic polioencephalitis in man. It should be stated that some in- 
vestigators (20, 22) have found no degenerative lesions in the periph- 
eral nerves of thiamin deficient rats, chicks or other animals, or have 
attributed the changes present to the effects of starvation or absence 
of factors other than thiamin. Swank (23), however, has recently 
furnished evidence of axis cylinder and myelin degeneration in pigeons 
chronically deficient in thiamin. 

Ataxia as well as moderate degeneration in the nerve cells in the 
brain and cord in two dogs and myelin degeneration in a few fibres of 
the cord of one dog dying of acute riboflavin deficiency was reported 
by Sebrell and Onstott (24). Posterior column degeneration in the 
spinal cord was noted in a dog with riboflavin deficiency by Zimmer- 
man (19). In chicks, an acute paralysis (“neuromalacia’”’) as well 
as a more slowly developing condition described as “‘curled toe paraly- 
sis” occurs and can be prevented by the addition of riboflavin (25, 26). 
The degenerative changes in these animals have been described as 
involving peripheral nerves, spinal cord, neuro-muscular end-plates 
and even muscle. For the complete protection of the nervous system 
in chicks these workers reported that a concentrate of pantothenic 
acid was necessary in addition to riboflavin (27). They could not 
produce nerve degeneration in rats (28). 

Paralysis in the suckling young of rats fed a diet lacking vitamin 
E was described by Evans and Burr in 1928 (29). Goettsch and 
Pappenheimer (30) noted that dystrophy of the voluntary muscles 
developed in rabbits and guinea pigs on such a diet. Morgulis and 
his co-workers (31, 32) found that two factors, a fat-soluble and a 
water-soluble substance extractable from wheat germ, were necessary 
to prevent “nutritional muscular dystrophy.” One of these factors 
appears to be alpha-tocopherol (33). 

In chicks fed a diet like that of Evans and Burr, Pappenheimer and 
Goettsch (34) observed ataxia and described lesions in the cerebellum. 
As in the disorder observed in mammals, alpha-tocopherol has been 
found (35) to protect chicks against this “nutritional encephalo- 
malacia.” However, while there is this similarity between the mam- 








380 M. M. WINTROBE, J. L. MILLER, JR. AND H. LISCO 


malian and fowl disorders, changes in the brain have not been observed 
in mammals. Olcott (36) as well as Pappenheimer (37) have found 
lesions only in the muscles. Lipschutz (38) and Einarson and Ring- 
sted (39) described degenerated nerve tracts in the spinal cord. 

In summary, then, it would appear that vitamin A, thiamin, ribo- 
flavin, pantothenic acid and alpha-tocopherol, to mention only iden- 
tified substances, may be concerned in the preservation of the integrity 
of the nervous system in various species of animals. It is quite pos- 
sible that other factors are concerned as well. 


METHODS 


General Plan of Experiments. Pigs of approximately three weeks 
of age were fed a basal diet adequate in carbohydrate, proteins, fat 
and minerals, and supplemented with yeast as well as cod liver oil 
and ascorbic acid. After the animals had become accustomed to 
this diet, and growth and general nutrition were satisfactory, they 
were divided into groups of equal size and made up, as far as possible, 
of members of different litters. Some of the animals were maintained 
on high yeast intake throughout the experiment; whereas, in others, 
after 40 to 140 days, the quantity of yeast was gradually reduced and 
it was replaced by synthetic vitamins, such as thiamin, riboflavin and 
nicotinic acid, or potent sources of vitamins such as liver, yeast ex- 
tract, and wheat germ oil. 


1. Animals and housing. This report deals with observations on 44 pigs, derived 
from 9 litters. The animals were pure-bred or cross-bred, of the following stock: 
Poland China, Duroc-Jersey, Landrace and Large Black and were all furnished by 
the Bureau of Animal Industry, The United States Department of Agriculture, 
Beltsville, Maryland. The pigs arrived in Baltimore, soon after weaning, at the 
age of 15 to 24 (average 18) days. 

At the beginning of an experiment when the pigs were small, as many as 3 were 
housed together in one pen; when they grew larger, 2 or only 1 occupied a pen. 
Each pen consisted of a shelter with a wooden floor and an adjacent fenced area 
with tile floor which was open and exposed to the sun. An attempt was made to 
see that excreta and food in each pen were not washed into the adjacent pens. 

Experiment I was started in March, 1938; experiment II, in September, 1938, 
and experiment III, in March, 1939. 

2. Basal diet. All pigs received the basal diet (Table 1) and were given yeast 
in amounts of 3 or 6 grams per kg. body weight daily during the first 40 to 140 days 
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of the experiment. After this period, as already stated, the amount was reduced 
to a very low level, or to zero in certain groups of animals (see figures 2, 3, and 4). 

The diet was made up freshly, every 3 to 4 days. The casein was unwashed 
(crude casein “New Process,” Sheffield By-Products Company, New York). Three 
types of yeast were used; namely, type ““N” (““Yeast Foam Tablet powder,” a brewer’s 
yeast made by the Northwestern Yeast Co., Chicago); type ‘“‘M” (strain G brewer’s 
yeast powder, furnished by Mead Johnson and Co.); and type “F” (a baker’s 
yeast powder made by the Fleischmann Co.). The cod liver oil (Mead Johnson, 
1800 units A, 175 units D per gram) was added each day to the day’s food supply, 
approximately 1 to 7 hours before it was fed. The ascorbic acid (Merck) was given 
orally in aqueous solution or in capsules, separately from the remainder of the diet, 
in 3 doses per week (each 16 mg. per kg. body weight). 

The combination of materials in the basal diet as listed in Table 1, totalling 36.4 
grams, constitutes what will be called a “unit” of basal diet. A unit (excluding 











TABLE 1 
Basal Diet (KUDs:) 
GRAMS PER CENT 
is Ss Soeeeis ca eS eo ied SE 9.5 26.1 
SS ee eee ee eee eee eee eee 21.0 57.7 
SR) |) ee cee ee se a eee 4.0 11.0 
ES EERO AT OT EL 1.9 $.2 
I i os Dn cag ARIE i cn nt ck ass mpeonan ceca icaaataouiiel 36.4* 











Cod liver oil, 0.5 gm. per kg. body weight daily 
Ascorbic acid, 16 mg. per kg. body weight three times a week 
Yeast, varying amounts (see text). 

* This amount represents one “unit” and furnished about 152 calories. 


yeast and cod liver oil) is equivalent to approximately 152 calories. The pigs were 
fed a unit or a fraction of a unit per kg. body weight daily. By noting the amounts 
left in the feeding troughs each day, a rough estimate of the amount actually eaten 
was obtained. Details concerning the units fed and eaten are given in the in- 
dividual protocols. The quantities of cod liver oil and ascorbic acid were main- 
tained irrespective of changes in number of units of the basal diet fed. 

For a limited period of 2 to 10 weeks at the beginning of each experiment, all 
of the pigs were given varying amounts of apple. This was done in an attempt to 
lessen the diarrhea which the pigs frequently had during the first few weeks of 
weaning. 

3. Changes in basal diet. During the course of the experiments certain changes 
were made in the basal diet. 

(a) Changes intended to prevent oxidation of vitamins A and E: In experiment 
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II, after the 6th month, and in experiment III after the ist month, special care was 
taken that the cod liver oil was kept refrigerated at all times, that it was used 
within a few days after receipt, and that it was added to the food immediately 
before feeding. 

After the 8th month in experiment II, and after the 3rd month in experiment 
III, each weekly supply of minerals and lard was fed in 5 days. On the remaining 2 
days (Tuesdays and Fridays), when the pigs received no lard or minerals, certain 
animals were given wheat germ oil. The sucrose, casein, and ascorbic acid were 
given as usual. The cod liver oil was fed separately from the wheat germ oil. 

(b) In experiment III, ascorbic acid was discontinued for 3 weeks in the 7th 
month. It was then resumed at the lower dosage of 2.3 mg. per kg. 3 times a week. 











TABLE 2 
Swine Salt Mixture No. 3 

GRAMS PER CENT 
EEO, BA Deters 0.257 13.500 
Magnesium carbonate, MgOHCO;Mg(OH):............... 0.161 8.500 
Primary (monobasic) potassium phosphate, KH:PQ,...... . 0.108 5.700 
Secondary (dibasic) calcium phosphate, CaHPO,-2H,0..... 0.880 46.300 
ET a pen 0.127 6.700 
i i a assis phioneracomiparen cho aiinin’ 0.004 0.227 
ad wm ahhernemandind wens 0.322 16.900 
Iron pyrophosphate, Fe,(P207)3-3(Na,P:07)-14H,O........ 0.040 2.100 
Copper sulphate, CuSQ,-SH:O....................2..... 0.0004 0.020 
Manganese chloride, MnCl,-4H,O....................... 0.0004 0.020 
LE ig es aig a A Sa or 0.0003 0.016 
Cobalt carbonate, CoCO;-2CoO-4H,O................. 9.0003 0.016 

a a a een Be ee 1.9004* 











* This amount was included in one unit of the basal diet. 


(c) The mineral mixture used at first (1) in these experiments was supplemented 
later by adding copper, manganese, zinc and cobalt. In addition, ferric citrate was 
replaced by ferrous sulphate. Later, in order to prevent possible oxidation of cod 
liver oil by the latter salt, iron pyrophosphate was substituted. The final mineral 
mixture is shown in Table 2. This has been used since June, 1939. 

4. Supplements to basal diet. The following supplements were given to certain 
pigs as the quantity of yeast fed was reduced: 

(a) Crystalline thiamin chloride, riboflavin and nicotinic acid. In experiment 
I these vitamins were given in aqueous solution intramuscularly. In experiments II 
and III they were given in crystalline form, in capsules, by mouth, 3 or 6 days each 
week. Care was taken that the pigs actually swallowed the capsules. When any of 
these vitamins was given, the dose was adjusted so that the pig would receive 
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altogether at least as much of the vitamin per kg. daily as was contained in 3 grams 
of yeast. 

(b) Yeast filtrate factor. Brewer’s yeast (““M”) after being boiled in acidified 
water for about 15 minutes, was extracted with hot 60 per cent alcohol. The 
filtered alcohol extract was evaporated in vacuo to remove the alcohol; the aqueous 
residue was again filtered, adjusted to pH 5 and then extracted 4 times with Surrey 
Fullers Earth using 1 gram of the latter to 15 grams of yeast in each extraction. 
According to rat tests this concentrate was free of thiamin, riboflavin and Bs. Each 
cc. contained 147 to 243 Jukes and Lepkovsky filtrate factor units. Pigs receiving 
this were given 0.6 cc. of this filtrate factor per kg. body weight, by mouth, daily. 

(c) Desiccated liver. This was hog’s liver, dried in vacuo at a low temperature 
(below 40°C.), and fed in amounts of 1.5 gm. per kg. body weight daily. One and 
one-half grams of this powder was equivalent to 5 grams of fresh wet liver. 

(d) Wheat germ oil, a “‘cold-pressed” oil (American Research Products, Minne- 
apolis, Minnesota). This was kept in the refrigerator in partially evacuated bottles. 
3.5 cc. per kg. twice a week was added to the diet immediately before feeding. 
As mentioned above, the wheat germ oil was given unmixed with lard and minerals 
in order to avoid oxidation. 

This wheat germ oil was assayed in rats. Four out of 5 rats fed our basal diet 
and given a single dose of 1 cc. of wheat germ oil after mating, gave birth to living 
offspring, whereas none of 5 rats not given wheat germ oil had living litters. 

5. Methods of observation. Usually the pigs’ gaits were observed twice a week. 
In most of the animals the condition of the skin, eyes, and mouth, the muscle strength, 
knee reflexes and sensibility to nail prick in the skin just above the hoofs were noted. 
From time to time motion pictures were taken. The pigs were weighed at least 
once a week. Complete blood examinations, including red and white blood cell 
counts, hemoglobin, volume of packed red cells, icterus index and blood smears, 
were done on all pigs, usually once a week. Gastric analyses by the histamine 
method, were carried out at least 3 times in 41 of the pigs. In experiments II and 
ITI one or more sternal punctures were done on all except 2 of the pigs. Additional 
observations will be mentioned later. 

6. Pathological studies. Complete autopsies were performed. Blocks of the 
organs were fixed in Zenker-formol, and sections were stained with hematoxylin 
and eosin. The brachial and sciatic nerves, the spinal cords and the brains were 
fixed in 10 per cent neutral formol-saline solution. Pieces of nerves in longitudinal 
and cross section were embedded in paraffin. From four to five blocks were taken 
for paraffin embedding from different levels of the spinal cord. These included the 
anterior and posterior roots and at least one spinal ganglion per block. Frozen 
sections were made from immediately adjacent pieces of cord and nerves. All 
sections were stained with hematoxylin and eosin. The sections of the spinal 
cords were also stained with toluidin blue for the demonstration of Nissl granules. 
The myelin sheaths were stained by the Mahon method (40) and by the Weigert 
method (41). Blocks were embedded in paraffin, however, instead of celloidin. 
Frozen sections of the spinal cords and the nerves were stained with Sudan IV, and 
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in many instances by Spielmeyer’s original method for myelin sheaths (42). The 
original Bielschowsky method (43) as well as a modification by Schultze (44) was 
used for the demonstration of axis cylinders. Glia fibers and cells were stained 
with Mallory’s phosphotungstic acid hematoxylin. 
RESULTS 
Results in general 


The chief clinical and pathological abnormalities which were ob- 
served, were essentially similar in all three experiments. 

Certain pigs developed abnormal gait. The onset was usually 
gradual, a month or more elapsing before the involvement was severe. 
Rarely the onset was sudden, coming on in less than a few days. 
While some pigs improved temporarily, relapses occurred and the 
general course tended to be progressive. No pig that had a definitely 
abnormal gait for as long as two weeks was ever observed to recover 
completely. In rare instances a pig which had appeared ataxic for 
only a few days would recover completely and remain normal for 
the duration of the experiment. 

The first evidence of neural involvement usually was slapping of 
the hind limbs on the ground as the animals walked; such a pig might 
slip and lose its balance rather readily. It might then be noticed that 
the hind legs were raised unusually high in walking and might be 
set down further apart than is normal. Sometimes the hoofs appeared 
“loose” and would knuckle over readily. Many of the pigs were 
observed to raise a hind limb and jerk it forward rhythmically in a 
sort of scratching movement. . 

These signs varied somewhat from day to day but eventually be- 
came constant. Finally well-marked ataxia developed, very much 
like that of patients suffering from tabes dorsalis. The animals’ 
difficulty in getting about increased until they would drag their hind 
quarters, being barely able to lift the hind legs. Finally they were 
unable to stand up at all. This was not due to complete paralysis 
or great weakness, however, for the limbs were moved about and the 
animals struggled to get up at times. The ability to control the legs 
seemed to be the chief difficulty. Involvement of the forelimbs ap- 
peared late, and in some animals was never observed. Severely in- 
capacitated animals would lie on one side with the hind limbs ex- 
tended forwards and the forelimbs extended backwards. 
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Two animals (5-03, 5~52) which exhibited neural lesions also had 
one or more convulsions shortly before they died. Some of the pigs 
never showed a clearcut “goose step,’”’ but did nevertheless develop a 
very clumsy gait which was considered to be definitely abnormal. 

All of the aforementioned abnormalities in gait will be referred to 
in the remainder of this paper as “ataxia.” 

Neurological examination of the ataxic pigs usually revealed mod- 
erate weakness of the hind legs. Occasionally, however, the legs of a 
badly affected pig were still quite strong. No complete paralysis was 
seen and no definite spasticity was ever clearly demonstrated; but it 
should be noted that the pigs struggled during examination. The 
knee reflexes were consistently absent in only 5 out of 36 of the pigs 
(4-92, 4-96, 4-97, 5-03, 5-43). All of these 5 pigs were ataxic. It 
is noteworthy, however, that in 8 ataxic pigs, the knee jerks could 
be elicited. Sensation to nail prick in the limbs appeared to be pres- 
ent in all but one of 41 animals. 

Many of the pigs, both ataxic and normal, developed during the 
course of the experiment small abrasions, ulcers or abscesses located 
usually on the legs. One or two small ulcers in the mouth, most 
common just in front of the lower incisor teeth, were frequently seen. 
No correlation could be found between the occurrence of these lesions 
and the neurological disturbance. 

Growth curves for pigs fed various supplements and for the “‘inani- 
tion controls” are shown in figure 1. Animals receiving thiamin or 
thiamin and riboflavin and no yeast, were small, their muscles were 
flabby and the hair was matted and dirty. Those given nicotinic 
acid in addition, were in better condition but eventually these animals 
developed a similar, though not nearly as marked an appearance of 
malnutrition. Alopecia about the eyes was noticeable in many of 
the pigs. The tongue was slightly smooth and red in a few. No 
significant abnormality was noted in the eyes. 

Observations on the blood and bone marrow of some of these pigs 
have been reported already (45). Achlorhydria was found in a num- 
ber of the animals, but it was never persistent. 

The causes of death and significant findings in the organs are indi- 
cated in Table 3. It is noteworthy that lesions in the adrenals, liver, 
or other tissues, such as have been described in other animals as the 
result of vitamin deficiency (46, 47), were found in none of our pigs. 
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In 5 out of 14 animals so examined, occasional hyaline and necrotic 
fibres were found in the muscles of the thigh. These lesions were 
noted in normal as well as in ataxic animals and were seen in one pig 
fed wheat germ oil as well as in some of those not receiving this sub- 
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Fic. 1. GrowTH or Pics REcEIvING LARGE AMOUNTS OF YEAST AND THE BASAL 
Dret 1n Furi Amounts (“Yeast”) ok IN Repucep Amounts (“INANITION”) 
AS WELL as THAT OF Pics GIVEN VERY LITTLE oR No YEAST BUT SUPPLIED WITH 
TuraMin (B,), Rrportavin (R), Nicotmnic Acrp (N) or DesiccaTep Liver IN 
Various COMBINATIONS. 

A growth curve (49) for pigs raised at the experimental farm of the U. S. Depart- 
ment of Agriculture, Beltsville, Maryland is shown for comparison. 
Arrows indicate the onset of ataxia. 


stance. There were signs of spermatogenesis in the testes of all the 
male pigs. 

Lesions in the Nervous System. The lesions in the peripheral nerves 
and in the spinal cords were essentially identical with those described 
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in our preliminary report (1). In the nerves there was irregularity 
and swelling of the myelin sheaths in isolated areas. Fragments of 
myelin in the form of small and large clumps were found here and 
there (Plate I, Fig. 2). Many droplets of free fat could be seen in 
these areas side by side with clumps of degenerating myelin. Free 
fat was sometimes noticeable as small globules alternating with areas 
of preserved myelin. The number of fibre tracts involved varied in 
different animals. 

There was also a variable degree of damage to the axis cylinders. 
Swelling of axis cylinders was not considered to be significant as such 
alterations were also seen in control animals. In animals with definite 
lesions, large and small fragments of axis cylinders were found. The 
affected areas also showed hyperemia and a striking increase in the 
size and number of sheath cells. Small elongated scars composed 
of parallel rows of such neurilemma sheath cells were seen in many 
places in the sciatic and in the brachial nerves of pigs with ataxia 
of long duration, and in these regions no myelin could be demon- 
strated. 

The demyelination was more advanced in the sciatic nerves than 
in the brachial nerves, and in many cases no lesions were seen in the 
latter while early changes appeared in the former. No striking dif- 
ferences were noted in the extent of the lesions between the left and 
right sciatic or brachial nerves. 

There was degeneration of myelin sheaths in the spinal ganglia 
and proliferation of sheath cells. In the ganglion cells the lesions 
consisted chiefly of a dislocation and diminution of Nissl granules. 
These were clumped together and concentrated about the deeply 
staining nucleus. In many instances, complete chromatolysis was 
present. The nuclei were frequently found to be displaced toward 
the periphery of the cells. Other cells were shrunken and fragmented, 
and the nuclei were pyknotic. Such changes were often accompanied 
by a proliferation of the cells of the capsule of the ganglion cells. This 
proliferation was marked in several instances. Round cells were fre- 
quently seen in addition. Advanced cases showed rounded scars oc- 
cupying the areas in which ganglion cells had formerly been situated, 
(Plate I, Fig. 4). 

The dorsal roots showed changes identical with those described in 
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the peripheral nerves. The extent of the lesions varied considerably, 
depending upon the severity of the peripheral nerve changes. Clumps 
of myelin, globules of free fat and disintegrated axis cylinders were 
found. The proliferation of neurilemma sheath cells was again very 
conspicuous in advanced cases. It should be mentioned here that 
changes were never observed in the ventral roots. These contrasted 
sharply with the demyelinated and scarred dorsal root fibres. 

These lesions were seen in roots from the sacral region of the cord 
as well as in those of the cervical segments. However, corresponding 
to the greater severity of lesions in the sciatic nerves as compared with 
those in the brachial, there was as a rule more damage in the dorsal 
root of the lower cord than of the upper cord. 

The lesions in the spinal cord varied considerably in degree. They 
were found in the white matter of the posterior funiculi almost ex- 
clusively. They were visible in the gross on cross sections and ap- 
peared as yellowish gray opaque areas occupying parts or most of the 
posterior funiculi, which contrasted sharply with the uniform white 
color of the lateral and anterior funiculi. Microscopically there was 
great irregularity of the myelin rings and many large vacuoles were 
seen in longitudinal and cross sections. There were many large and 
small globules of degenerating myelin, (Plate I, Fig. 6). Many 
droplets of free fat were seen side by side with these in the interstitium, 
primarily about blood vessels. There was considerable hyperemia. 
Glia cells and fibres were increased in many areas. The axis cylinders 
showed great irregularities and fragmentation, (Plate I, Fig. 10). 

The lesions appeared in almost all regions of the posterior funiculi, 
but were rather diffuse in some animals and localised in others. A 
small area along the posterior gray commissure was spared in all in- 
stances. Occasionally only a few fibre tracts were involved and these 
invariably were found near the entrance of the posterior roots. No 
lesions were seen in the lateral or anterior funiculi. 

In some animals changes were observed in a few cells of the an- 
terior horns. Vacuolar degeneration, clumping of Nissl granules about 
the periphery, and occasionally eccentric nuclei were seen. Some 
cells showed collections of minute, heavily staining bodies just out- 
side the cell membrane (Plate I, Fig. 8). The significance of these cell 
bodies is not clear. No definite cell alterations were seen in the pos- 
terior horns. 
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There were no changes in the larger blood vessels. Hemorrhages 
of various sizes were seen, however, localized mainly in the gray 
matter of the spinal cord. These hemorrhages were sometimes seen 
in one section of the cord only but sometimes in several. They were 
single or multiple, and occasionally quite large ones were encountered. 
The intact blood vessels were distended with blood. These hemor- 
rhages were seen in many spinal cords, including those of control, 
non-ataxic animals, and those which had died as well as others 
which were sacrificed. 

The brains of most of the pigs included in experiment I were ex- 
amined and no lesions were’found. Study of the brains of pigs in 
experiments IT and III has not been completed. 

The histologic changes in the nervous system are represented in 
figures 2, 3, and 4 and in Tables 3 and 4 as follows: 


0 no lesions; 
+ demyelination in either sciatic or brachial nerves, or both; 
+-+ = demyelination in nerves as described above and cell changes in 
the spinal ganglia, with or without early changes in the pos- 
terior roots; 
+++ = in addition to the above, demyelination in the posterior funiculi 
of the spina! cord, in the sacral or cervical regions, or both; 
++-+-+ = changes not only in peripheral nerves, spinal ganglia and pos- 
terior nerve roots, but also advanced demyelination and loss 
of axis cylinders, as well as gliosis, in the posterior funiculi 
of the spina! cord. 


EXPERIMENT I 


Objects. (1) To attempt to reproduce the ataxia and changes in 
the nervous system described in our preliminary report; 

(2) To determine whether inanition alone would cause these 
changes; 

(3) To discover whether thiamin, riboflavin or nicotinic acid, 
would prevent them; and 

(4) To see whether brewers’ yeast would prevent the changes. 

Conditions of experiment (figure 2). Eighteen animals received the 
basal diet. Sixteen consumed from a fraction of a unit to a full unit 
of this diet, per kg. daily. The remaining two pigs (“inanition con- 
trols”) were given each day only as much of a unit per kg. as the 
poorest eaters among the other sixteen pigs had eaten the day before. 
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As a result the average weight of these pigs was 35 kg. when they were 
171 days old and 44 kg. when they were 216 days of age, whereas the 
average weight of their litter mates which consumed a full unit of food 
was 61 kg. and 83 kg. at these ages respectively. 
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Fic. 2. Experiment I. All the pigs received the basal diet but two were used as 
“inanition controls,” as explained in the text. The amount of yeast fed and time 
of onset and severity of ataxia are indicated. The age at which supplements were 
added is indicated by x. B, refers to thiamin, R to riboflavin, and N to nicotinic 
acid. { indicates time of death. 


The two “inanition controls,” as well as four other pigs, were given 
three or more grams per kg. daily of yeast, type ““N,” throughout the 
experiment. The remaining twelve pigs were given three or more 
grams per kg. daily of the same type of yeast until the age of 56 to 
67 days, after which time they received reduced amounts as shown 
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in figure 2. The twelve pigs getting reduced amounts of yeast re- 
ceived one or more of the vitamins thiamin, riboflavin and nicotinic 
acid beginning at the age of 66 to 75 days, and continuing for the re- 
mainder of the experiment. The usual dose was 1.0 mg. thiamin 
chloride per kg. twice weekly; 0.5 mg. riboflavin per kg. twice weekly, 
and 7.0 mg. nicotinic acid per kg. twice weekly; these were given 
intramuscularly. 

Results (figure 2, Table 3). Of the six pigs given large amounts of 
yeast throughout, three continued to have a normal gait and showed 
no neurologic lesions at autopsy. The other three developed ataxia 
and lesions in the nervous system. Two of the pigs which remained 
normal (4~90 and 4-95) were the inanition controls. Definite and 
persistent clinical improvement did not occur in two ataxic animals 
(4-91 and 4-96) when the amount of yeast was increased. 

Of the twelve pigs getting reduced amounts of yeast together with 
one or more of the vitamins thiamin, riboflavin and nicotinic acid, 
all became ataxic and showed evidence of lesions in the nervous sys- 
tem at autopsy. No definite and persisting improvement in gait 
was noted in ataxic pigs following (1) increase in the dose of thiamin 
to approximately 2.5 mg. per kg. daily for 62 days (pig 4-97); (2) 
increase in the dose of riboflavin to 0.5 mg. per kg. daily for 32 days 
(pig 4-97); (3) administration of riboflavin by stomach tube for 30 
days (pigs 4-85 and 4-97); (4) administration of a B, concentrate 
(1.0 gm. per kg. twice weekly) for 2 weeks to pig 4-92; (5) injection 
of small amounts of liver extract (pigs 4-79 and 4-82)*; and (6) ad- 
ministration of yeast in large amounts (pigs 4-79 and 4-82). 


EXPERIMENT II 


Objects. (1) To test the protective value of filtrate factor such as 
that described by Chick e¢ al. (18); 

(2) To determine whether protection was afforded by 6 grams of 
brewers’ yeast per kilogram body weight daily; 

(3) To find out whether yeast from another source than that here- 
tofore used might protect the animals against neural involvement. 

Conditions of experiment (figure 3). Twelve pigs received the basal 


* Details of these injections have been given elsewhere (45). 
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diet. Each day the amounts not eaten were roughly estimated. As 
the pigs grew and certain ones began refusing part of their food, the 
amount offered to all of the pigs was reduced by steps to as low as 
4 unit per kg. daily, late in the experiment. In this way, while the 
pigs were not fed ad /ib., they all actually ate at any given period in 
the experiment nearly equal amounts of basal diet per kg. body 
weight. 
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Fic. 3. Experiment II. Legends same as in figure 2. F refers to filtrate factor 


Of the 12 pigs, 6 received 6 gms. of yeast per kg. daily throughout 
the experiment. In 3 of these (5-00, 5-11, 5-13) type ““N” yeast was 
used except for periods in the 4th and 5th months, when type “F” was 
given. In the other 3 pigs (5-04, 5-06, 5-12) the types given were 
“N” during the first 44 months and ““M”’ thereafter. 

The other 6 pigs received 3 or more gms. type “N”’ yeast per kg. 
daily until they reached an age of 150 to 160 days, after which time 
and for the remainder of the experiment, they received rapidly re- 
duced amounts of type ““M,” as shown in figure 3, and finally no yeast 
(an exception was pig 5-05, to be mentioned below). Beginning at 
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the age of 158 to 168 days, thiamin chloride (1.1 mg. per kg. daily), 
riboflavin (0.37 mg. per kg. daily) and nicotinic acid (2.2 mg. per kg. 
daily) were given to all of these 6 pigs, orally by capsule, and this was 
continued for the remainder of the experiment. In addition 3 of 
these pigs received yeast filtrate factor, 0.6 cc. per kg. daily, from the 
ages 158 to 168 days until the end of the experiment. In this latter 
group one pig, 5-05, was again given 6 gms. of yeast per kg. after the 
age of 230 days. The thiamin, riboflavin, nicotinic acid, and filtrate 
factor for this pig were discontinued during the period of yeast ad- 
ministration. 

Results (figure 3, Table 3). Of the six pigs getting large amounts 
of yeast throughout, 3 became ataxic, and 4 showed pathological 
lesions in the nervous system. Two animals, which had received 
types ““N” and “‘M” yeast were free from ataxia and no lesions were 
found in the nervous system. 

Of the 6 pigs getting reduced amounts of yeast, 5 became ataxic, 
and in all 6 there were lesions in the nervous system. It should be 
noted that one of the pigs getting filtrate factor became ataxic before 
the administration of filtrate factor was started; the other two pigs 
getting filtrate factor showed pathological lesions which were not 
very extensive. 

The injection of alpha-tocopherol (50 mg. per day 6 days a week) 
to one ataxic pig (5-14) for 37 days; the oral administration, separately 
from the food, of 2.5 cc. of cod liver oil per kg. daily for 47 days to 
another ataxic pig (5-11); and the administration of large amounts 
of yeast to a third ataxic animal (5-05), were in all three cases in- 
effective in causing improvement in gait. 


EXPERIMENT II 


Objects. To determine whether protective substances are present 
in (a) liver, (b) wheat germ oil, (c) wheat germ oil when added to yeast, 
or (d) a mixture of liver, yeast, and wheat germ oil. 

Conditions of experiment (figure 4). Fourteen pigs received the 
basal diet. As in the previous experiment, the fraction of a unit 
given per kg. was finally reduced in all the surviving pigs from 1 to 
$ofaunit. This reduction had reached one-third of a unit at about 
the sixth month. In any given period of the experiment, all of the 
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pigs actually ate approximately equal amounts of basal diet per kg. 
body weight. 

Five of these pigs received 3 or more gms. per kg. daily of type 
“M” yeast throughout the experiment. These 5 pigs also were given 
wheat germ oil, 3.5 cc. per kg. twice weekly, from the ages 92 to 118 
days until the end of the experiment. In addition, three were given 
desiccated liver, 1.5 gm. per kg. daily. The two pigs not getting liver 


asE i” DAYS 





Wz veast ESD Stight aresie WB tornes Araaic 


Fic. 4. Experiment III. Legends same as in figure 2. W refers to wheat germ 
oil, L to desiccated liver. 


were given, after the age of 138 days, riboflavin (0.17 mg. per kg. 
daily), and nicotinic acid (1.8 mg. per kg. daily) in an attempt to 
equalize the amounts of these vitamins received by all five pigs. 

The remaining 9 pigs were given three or more gms. per kg. of 
type ““M” yeast until the age of 87 to 125 days, after which, and for 
the remainder of the experiment, the amount was rapidly reduced 
until finally none was being given (see fig. 4). Three of these pigs 
were given desiccated liver, 1.5 gm. per kg. daily, from the ages 92 
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to 128 days until the end of the experiment. These three pigs also 
received, orally, in capsules, riboflavin (0.02 mg. per kg. daily) 
and thiamin chloride (0.48 mg. per kg. daily) during the same period. 
It was thought that this would supply, together with the liver, ap- 
proximately as much riboflavin per kg. as is contained in 3 gms of 
yeast. 

The other 6 pigs getting little and then no yeast, received from the 
ages 92 to 128 days until the end of the experiment, thiamin chloride 
(0.48 mg. per kg. daily), riboflavin (0.19 mg. per kg. daily) and nico- 
tinic acid (1.1 mg. per kg. daily). These were given orally, in cap- 
sules. Three of these 6 pigs received in addition wheat germ oil 
(3.5 cc. per kg. twice weekly) during the same period. 

Results (figure 4, Table 3). The five pigs getting large amounts of 
yeast throughout the experiment, and wheat germ oil, with or with- 
out liver, remained normal and were found so at autopsy. 

Of the three pigs getting reduced amounts of yeast, but receiving 
liver, the gait of two was normal. The third developed a definitely 
abnormal gait during the last week before death. In this pig, a num- 
ber of abscesses were found in the left thigh, which may have been 
responsible for the disturbed gait. The nervous systems of all 3 of 
these pigs were found to be normal at autopsy. 

Of the six other pigs getting reduced amounts of yeast, with or 
without added wheat germ oil, four (including 2 which had received 
wheat germ oil) developed ataxia. All 6 were found to have lesions 
in the nervous system. 

During a part of this experiment, the composition of the salt mix- 
ture, the dose of vitamin C, and the method of administering cod 
liver oil, differed from experiment I (see Methods). In spite of these 
changes that were designed to improve nutritive conditions, the ataxia 
and findings in the nervous system in experiment III were similar in 
nature to those found in experiment I. 

As already stated, in none of these pigs were significant muscle 
changes observed. 


DISCUSSION 


The results of these experiments are summarized in Tables 3 and 
4. None of the 6 animals fed liver developed neural changes. All 
of the 24 pigs fed little or no yeast and given thiamin, riboflavin, nico- 
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tinic acid, and even filtrate factor or wheat germ oil as supplements, 
showed evidence of changes in the nervous system. The extent of 
these lesions varied in degree. Of the 12 pigs receiving 3 or more 
grams of yeast per kilogram daily, five remained completely free of 
lesions. 

It seems that liver contains a substance in the absence of which 
changes take place in the nervous system which impair its function. 
In view of the large quantities of thiamin, riboflavin and nicotinic 
acid which we have given, both orally and parenterally, the protective 
factor does not seem to reside in one of these. Whether it is one of 























TABLE 4 
Summary of Results 
=a NEURO-PATHOLOGY 
DIET SUPPLEMENT ‘aie 
mats | 0 | + | ++[+++/++++ 

Yeast reduced or omitted........ B, 3 2 1 

Yeast reduced or omitted........ Bi, R 3 1 2 
Yeast reduced or omitted........ B,, N 3 2 1 

Yeast reduced or omitted........ B,, R, N 9 + 5 
Yeast reduced or omitted........ B,, R, N, F 3 2 1 
Yeast reduced or omitted........ Bi, R, N, W 3 2 1 

Yeast reduced or omitted........ B,, R, L 3 3 

Yeast not reduced.............. 12 $121 12 3 1 
Yeast not reduced.............. W,R,N 2 2 

Yeast not reduced.............. w,L 3 3 

















Supplements: B,, thiamin; R, riboflavin; N, nicotinic acid; F, yeast filtrate factor; 
W, wheat germ oil; L, desiccated liver. 


the other constituents of the ““B complex,” the evidence in these ex- 
periments does not indicate. 

Chick et al. (18) concluded that ataxia could be prevented by giving 
yeast, and that the necessary substance was present in a liver filtrate 
factor. Their conclusion does not seem to be wholly justified by the 
evidence they offer, however, for their experiments were terminated 
after 9 to 22 weeks. Our observations indicate that ataxia may ap- 
pear after this time. Furthermore, they did not report histologic 
examinations to support their conclusions. In two instances (4-78, 
4-87), as we have indicated, we have encountered extensive lesions 
in animals which showed only slightly disturbed gait. 
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Our observations do indicate, however, that yeast affords some pro- 
tection. Neural involvement was less frequent when yeast was fed 
in large amounts, as compared with the changes observed in animals 
given little or no yeast. Furthermore, the changes in the animals 
given filtrate factor made from yeast, on the whole were less extensive 
than in those not treated in this way. The data in this report, as 
well as some studies not yet published, suggest that type ‘“M”’ yeast 
may be a somewhat better source of the protective factor than 
type “N”’. 

Because so much has been written regarding the production of nerve 
degeneration as the result of vitamin A deficiency, special pains were 
taken to insure an adequate intake of this vitamin, as has been de- 
scribed already. Assays of the actual vitamin A content of our diet, 
done through the courtesy of Dr. Charles N. Frey of the Fleischmann 
Laboratories, showed 30 units per gram, which is probably a great 
excess over the requirements of pigs for this vitamin. Mixture of 
the diet with ferrous sulphate for two days and then mixing this 
with cod liver oil for several hours caused a reduction only of 2 units 
per gram. Even though this was small, ferrous sulphate was replaced 
by iron pyrophosphate, a salt which is thought to have no destructive 
effect on vitamin A. 

Measurements of the vitamin A content of the serum, kindly carried 
out by Dr. Hugh Josephs, gave values of 0.50 to 0.85 international 
units per cc., as compared with 0.40 to 0.50 units in the serum of pigs 
at a nearby slaughter-house. There were no differences in the values 
found in the blood of ataxic and non-ataxic animals. No eye lesions 
suggesting vitamin A deficiency were observed. Furthermore, the 
administration of additional amounts of cod liver oil, poured into the 
mouth of one pig (5-11) was without benefit. It seems justifiable 
to conclude that vitamin A deficiency was not the cause of the ataxia 
in our animals. 

Assays in rats have shown that our diet is low in vitamin E. When 
this was discovered it was recalled that pregnancy had never been 
observed in our animals, even though precautions to separate boars 
from sows had not been taken. In view of the ease with which vita- 
min E can be destroyed, great care was taken in the handling and 
administration of wheat germ oil fed to a number of the pigs described 
in experiment III. Nevertheless, well-marked neural involvement 
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occurred in the 3 pigs given wheat germ oil as a supplement to a 
diet deficient in water-soluble vitamins other than ascorbic acid, thia- 
min, riboflavin and nicotinic acid. Furthermore, alpha-tocopherol 
had no curative value in one animal. 

No lesions were observed in the two pigs given wheat germ oil in 
addition to large amounts of yeast. This is a better record for ani- 
mals given yeast than we had observed so far, and is consistent with 
the view of Morgulis e al. (31, 32) that dystrophy in rabbits is due 
to deficiency of a water-soluble as well as a fat-soluble factor. It must 
be noted, however, that these two pigs were fed type “‘M”’ yeast 
throughout and, as already stated, this may be a better source of 
protective factor than type ‘“‘N”’ yeast. No conclusion seems justified, 
therefore, regarding the need for two factors to protect the pig from 
the type of nerve degeneration with which we are concerned. 

If one may judge by measurements of the prothrombin times (48) 
of the blood of some of our ataxic animals, as compared with non- 
ataxic pigs and with samples of blood obtained from pigs at a slaughter- 
house, deficiency of vitamin K was not present in our animals. 

Likewise there seems no ground for considering lack of minerals 
as a cause of the ataxia. The mineral mixture used in the past year, 
particularly, has been very complete. No fractures of the spine have 
been found. 

Inanition alone, as indicated in experiment I, did not appear to be a 
cause of the ataxia. 

In experiments now in progress, we are seeking to determine the 
distribution of the protective substance in foods other than liver and 
yeast and are attempting to isolate it from liver. The various frac- 
tions of liver obtained in the manufacture of liver extract for the treat- 
ment of pernicious anemia are receiving special attention. The anti- 
anemic potency of autoclaved extracts of the livers of pigs with and 
without ataxia is being assayed in cases of pernicious anemia. Fur- 
thermore, the réle of newly synthesized members of the “‘B; complex’’ 
is being studied. 


SUMMARY 


1. Forty-four pigs averaging 3 weeks of age were raised on a basal 
diet containing casein, sugar, lard, a mineral mixture, cod liver oil, 
ascorbic acid and varying amounts of yeast. 
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2. When the yeast content of this diet was reduced to a low level 
or omitted entirely, and thiamin, riboflavin or nicotinic acid were 
furnished separately or in various combinations, a condition developed 
which was characterized by disturbed gait and extensive lesions in 
the nervous system. These lesions were observed in each of the 18 
animals fed this deficient diet. 

3. The lesions consisted of degenerative changes in the peripheral 
nerves, the spinal ganglia, the posterior roots, and the dorsal funiculi 
of the spinal cord. They differed in degree but seemed to progress 
centrally, from the periphery. When these lesions were very exten- 
sive, changes were seen in some instances in the anterior horn cells 
as well. 

4. Inanition alone, in the sense that relatively low amounts of 
carbohydrate, protein and fat were furnished, did not seem to be a 
cause of the degenerative changes. 

5. Less extensive changes were observed in 2 out of 3 pigs receiving 
the deficient diet but supplied with a filtrate factor made from yeast. 
Even when whole dried yeast was furnished in large amounts, how- 
ever, only 5 out of 12 pigs remained entirely free of lesions. 

6. None of 6 pigs fed whole desiccated liver developed changes 
referable to the nervous system. 

7. Wheat germ oil alone failed to protect 3 pigs given the deficient 
diet, but all of 5 pigs given yeast or liver in addition to wheat germ 
oil remained normal. It is pointed out that this does not necessarily 
indicate that two factors are needed to protect the nervous system 
of the pig. 


We are indebted to Dr. G. F. Siemers of Anheuser-Busch, Inc. for the preparation 
of the yeast filtrate factor. The co-operation of Dr. E. A. Sharp of Parke-Davis 
and Co., Dr. Warren M. Cox, Jr. of Mead Johnson and Co. and Dr. D. F. Robertson 
of Merck and Co., Inc., is gratefully acknowledged. Messrs. William Thaler, 
Stewart Humphreys and Thomas Shafferman as well as Misses Betty Karns, Margot 
Robinson, Lottie Meyer and Clara-Louise Kuehn rendered valuable assistance. 
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PLATE I 


Fic. 1. Sciatic nerve showing normal myelin sheaths. Mahon stain (x 100) 
(Pig 5-39). 

Fic. 2. Sciatic nerve with advanced loss of myelin, clumps of myelin and vacuoles. 
Mahon stain (xX 100) (Pig 4-82). 

Fic. 3. Normal cells in spinal ganglion. Nissl stain (x 200) (Pig 4-89). 

Fic. 4. Spinal ganglion cells in various stages of degeneration. Note scar forma- 
tion. Nissl stain (x 200) (Pig 5-03). 

Fic. 5. Longitudinal section of posterior funiculi of normal spinal cord. Mahon 
stain (X 100) (Pig 5-39). 

Fic. 6. Posterior funiculi showing degeneration and loss of myelin. Mahon 
stain (xX 100) (Pig 5-03). 

Fic. 7. Normal ganglion cells of anterior horn of spinal cord. Nissl stain (x 
200) (Pig 5-39). 

Fic. 8. Anterior horn cells showing collections of rounded, dark-staining bodies 
external to the cell envelope, as described in text. Nissl stain ( 200) (Pig 4-82). 

Fic. 9. Longitudinal section of posterior funiculi showing continuous axis cylinders. 
Bielschowsky stain (Xx 200) (Pig 5-50). 

Fic. 10. Fragmentation and degeneration of axis cylinders in posterior funiculi. 
Bielschowsky stain (xX 200) (Pig 5-14). 
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THE RATE OF SECRETION OF ESTROGENIC HORMONES 
BY THE OVARIES OF THE MONKEY, MACACA RHESUS! 
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In spite of much work on the endocrine glands, we have very 
little information as to tae rate of production of a given hormone. 
Such information is obviously difficult to secure, but even tentative 
and loosely approximative answers may be of service to those who have 
need to plan new experiments or endocrine therapy. 

In 1937 I published a calculation of this sort with respect to the rate 
of secretion of progesterone by the corpus luteum. Since that time 
various investigators have been able to estimate more directly the 
production of progesterone in the human by measuring its urinary 
excretion product, sodium pregnanediol glycuronidate. It turned 
out that my estimate of 30 mgm. per day was at least a first-order 
approximation to the truth. 

In the following pages I propose to estimate by deduction from 
experimental observations the rate of output of estrogenic hormone 
by the ovaries of the young, adult, non-pregnant Rhesus monkey. 
The calculation is admittedly subject to large errors and the result is 
presented quite tentatively. 

The method of estimation is to determine by experiment the amount 
of estrogenic hormone required, when administered by subcutaneous 
injection, to replace after oéphorectomy known functional effects of 


1 This paper was prepared, by invitation, for a volume of the Archives interna- 
tionales de Pharmacodynamie et de Thérapie, to be published in 1940 in honor of 
Professor Ernst Laqueur of Amsterdam. Publication was prevented by the 
invasion of Holland. 

The experiments on monkeys were carried out at the University of Rochester, 
and were supported by grants from the Rockefeller Foundation, Division of 
Natural Sciences, and more recently (1938-1940) from the John and Mary R. 
Markle Foundation. 
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the ovaries. It is well known, for example, that in a castrated female 
monkey the sudden discontinuance of a course of estrogenic hormone 
causes after a few days a period of menstruation-like bleeding. The 
amount of hormone necessary to build up the endometrium to the stage 
at which bleeding will occur after discontinuance, is not very great. 
Allen, Diddle, Burford, and Gardner (1936) were able to produce 
estrin-deprivation bleeding in adult castrated monkeys with total 
doses of 81 to 122 rat units of estrin in oil, given during a period of 9 
to 14 days. Allowing a factor of 5 international units to 1 rat unit, 
this means about 20 to 40 Int.U. per day. An occasional failure is 
said to occur with these doses. It is probable that the amount thus 
determined as necessary to produce bleeding upon discontinuance is 
smaller than the actual normal output of the intact monkey. 

My notes contain the records of a large number of experiments in 
which castrated young adult animals were given injections of estrone 
(in the form of Amniotin in oil) 125 Int.U. daily for 10 days. This 
treatment invariably results in menstruation-like bleeding 3 to 8 
days after discontinuance of the injections. These results show that 
125 Int.U. daily is sufficient to build up the uterus to a point at which 
it will bleed after estrin-deprivation. Even this may not, however, 
represent the full normal activity of the ovaries in this respect, for 
microscopic examination of the ovaries of one such animal which died 
under anesthesia immediately at the end of a course of 10 such injec- 
tions, showed that the endometrium was to a moderate extent only 
under the influence of estrogenic hormone, since its thickness averaged 
only about 1 mm. and was not over 2 mm. at the thickest point. We 
may therefore turn to certain experiments of Zuckerman (1936) 
in which the experiment was done, so to speak, in the opposite direc- 
tion. Animals received first a much larger daily dose of estrogenic 
hormone and then in each case the daily dose was dropped to a much 
lower level. Zuckerman found that whenever he reduced the daily 
dose from several hundred or several thousand international units to 
any amount below 200 Int.U., estrin-deprivation bleeding occurred 
within the next four weeks. With more than 200 Int.U. daily no 
bleeding occurred; when the dose was less than 150 Int.U. the bleeding 
occurred more quickly. 

These observations would suggest that the output of estrogenic 
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hormone from the normal ovaries, which is of course sufficient to 
prevent estrin-deprivation bleeding, may be about 150 or more inter- 
national units. 

Another means of determining the probable output of estrogenic 
hormone by the ovary is based on the same principle as the foregoing 
method, but has the advantage that it does not involve a change of 
hormone level, but merely an attempt to maintain the status quo. 
Removal of the ovaries very often leads to the occurrence of menstrua- 
tion-like bleeding within 8 or 10 days. The bleeding can be prevented 
by the administration of adequate amounts of estrogenic hormone 
(E. Allen, 1928). It happened that for another purpose I conducted 
a long series of experiments in which the first step was bilateral 

‘odphorectomy. Each of these animals was given, beginning on the 
day of operation, an injection of estrone (Amniotin in oil), 125 Int.U. 
per day for 15 days, or until bleeding began. This dosage was deter- 
mined by the results of the experiments described above. The ovaries 
which had been removed were cut into serial sections and carefully 
examined under the microscope. When an active corpus luteum was 
present that particular experiment was not included, because a very 
large quantity of estrogen is required to prevent bleeding due to 
progesterone deprivation, as shown by the experiments of Zuckerman 
(1937), Hisaw and Greep (1938), and Corner (1938; see Corner, 1939, 
for a summary). Twelve of the animals, however, did not have an 
active corpus luteum in the ovary at the time of operation and are 
therefore useful for the present question. Of these, 4 bled beginning 
on various days from the 3rd to the 14th day, in spite of the treatment 
with estrone. Seven did not bleed at all during the 15 days of the 
experiment, and 1 which received a larger dose of estrone, namely 500 
Int.U., showed a few red blood cells from time to time beginning on 
the 3rd day, but no external bleeding. The experiment seems to show 
that 125 Int.U. of estrone will substitute in many, but not all, cases 
for the natural product of the animal’s own ovaries, as tested by the 
prevention of post-castration bleeding. A somewhat larger dose 
would obviously be required to prevent such bleeding in every case. 

A third means of estimating the probable production of estrogenic 
hormone in the monkey is provided by the fact that the so-called 
sexual skin of these animals is under the control of estrogenic hor- 
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mones. Removal of the ovaries leads to detumescence and pallor of 
the sexual skin, whereas administration of an estrogen in sufficient 
amount will, within a few days, restore the color of this region. One 
of my animals (No. 186), a young adult weighing 4.3 kg., was subjected 
to odphorectomy at a time when its sexual skin was in exceedingly 
florid condition. The whole area over the rump, the back of the 
thighs, and the ventral side of the base of the tail was turgescent, 
thrown into distinct ridges and deep red in color. After the operation, 
but on the same day, the color and turgescence were slightly reduced, 
owing, no doubt, to the stress of the operation. Again 125 Int.U. of 
estrone (Amniotin in oil) was given daily beginning on the day of 
operation. A slight but definite decrease in the color of sex skin took 
place during the next 10 days. The edema of this region diminished 
also, but not in the same degree as the color, and on the 10th day, in 
spite of the administration of estrone, external vaginal bleeding began. 

From the facts that the condition of the sexual skin retrogressed 
very slowly and external bleeding did not begin until the 10th day, 
that is to say later than if the animal had been given no estrogen at 
all, it seems that the dosage of 125 Int.U. daily was almost but not 
quite sufficient to maintain the animal in the same condition as before 
removal of the ovaries. We may estimate therefore that 150 or 200 
Int.U. would have been required to substitute completely for the 
ovaries. 

In this case microscopic examination of the ovaries showed that 
they were full of small and medium sized follicles, and that the left 
ovary contained a normal follicle about 3 mm. in diameter. This 
follicle was about twice as large as the usual size of resting follicles in 
the Rhesus monkey, and was possibly destined to go on to maturity 
had the ovary not been removed. The ovaries were certainly more 
active from the standpoint of follicular development than usual. We 
may suspect, therefore, that their output of estrogen was relatively 
high. 

Another method of arriving at the desired information depends upon 
the fact that effective action of progesterone upon the endometrium 
to produce the progestational (“premenstrual”) condition requires 
that estrin be administered in conjunction with the hormone of the 
corpus luteum. Engle (1937) stated that a satisfactory combination 
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for the castrate Rhesus monkey is 30 Allen-Doisy rat units of estrone 
(allowing a factor of 5, this is 150 international units) daily with 0.5 
Corner-Allen units of progesterone (approximately 0.5 mg.). Hisaw 
and Greep (1938) gave a similar figure, i.e. 50 rat units of estrogen (1 
rat unit equalling 3 Int.U. of estrone or #4; gamma of estradiol) with 
0.5 mg. of progesterone. These experiments are subject to the diffi- 
culty that they involve varying the dosage of two hormones simul- 
taneously. The animals used by Hisaw and Greep were, moreover, 
relatively young, and the progestational changes produced were not 
as elaborate as the natural premenstrual state. The result fits 
however those obtained above in giving 150 Int.U. of estrone or its 
equivalent of estradiol as somewhat less than adequate substitutional 
therapy. 

By all these methods of estimation we arrive at the result that the 
probable daily output of estrogen by the young adult Rhesus monkey 
is equivalent to somewhat more than 150 Int.U. and may be tenta- 
tively set at the equivalent of 200 Int.U. (20 gamma). This is of 
course a minimum figure; the true amount may be greater, but can 
hardly be smaller. 

These estimates are based necessarily on the assumption that an 
ovarian hormone injected once daily in oil solution is utilized by the 
body as efficiently as hormone produced in the animal’s own ovaries. 
There is at present no way of ascertaining how nearly this is true, but 
in any case, the slow absorption of an oily injection must afford a better 
imitation of natural processes than other methods of administration, 
and we may recall that my estimate of the rate of secretion of pro- 
gesterone, which involved the same assumption, gave a result not far 
from the truth. 

In recent years many experimental workers and some clinicians have 
been administering estrogenic hormones by compressing them into 
small hard pellets which are buried in the subcutaneous tissues (e.g. 
Hartman, 1940). It is said that because of slow continuous absorption 
from the surface of these masses of hormone, effective results are 
obtained with so little consumption of hormone that the pellets are 
found to have retained their original weight almost completely when 
removed after an experiment of some days or weeks. If this is literally 
true, such calculations as I have made may require drastic revision, 
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but to the best of my knowledge, there have been no experiments 
relevant to our present discussion in which by accurate assays of the 
removed pellets the amount of hormone actually absorbed was 
determined. 

Whether or not, however, the estimate given herewith of the rate of 
secretion of estrin is correct, it is certainly an expression of the amount 
which must be given by injection as replacement therapy. It is of 
interest, therefore, to make, by extrapolation of the foregoing result, 
a similar estimate for the human species. The average weight of a 
human female may be taken as approximately fifteen times that of 
the monkeys used in this experiment. Multiplying the estimated rate 
of secretion of estrin by the same factor we find that the estimated 
daily output of estrogenic hormone in the human species is equivalent 
to 3000 Int.U. (300 gamma) of estrone. This estimate is surprisingly 
near to the amount of estrogen actually found by clinical trial to 
produce estrin-deprivation bleeding in castrated women. I shall not 
attempt to compare this tentative estimate with the very extensive 
clinical information of more or less value now available for the pur- 
pose, but content myself with citing some figures obtained in very 
careful clinical observations by my colleague, Dr. W. M. Allen, who 
has kindly supplied the following remarks. 

Allen has found that a total of 5.0 mgm. of estradiol 3-benzoate 
given in a period of three weeks in suitably primed castrated women 
was followed by bleeding in 75% of the trials. This is equivalent to 
a daily dose of 0.24 mgm. Results of the same order of magnitude 
have been obtained with estradiol dipropionate and estradiol 17- 
propionate. A daily dose of 0.24 mgm. of estradiol benzoate actually 
contains 2400 international benzoate units. This is approximately 
the equivalent of 4200 international units of estrone daily, a figure in 
good accord with that obtained by calculation from the studies in the 
monkey. It may, of course, be argued that this amount is too high, 
since the estrogen obtained from the urine is rarely over 1000 Int.U. 
perday. That, however, is not a valid objection. It is probable that 
most of the estrogen elaborated by the ovary is either estradiol or 
estrone, or both, whereas much of the estrogen found in the urine is 
the more oxidized, less potent estriol. Ordinary bioassay of the urine, 
consequently, does not give an accurate indication of the amount of 
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estrogen produced in the ovary, even if it could be assumed with 
certainty that all the hormone produced by the ovaries was subse- 
quently excreted in the urine in one form or another. 


SUMMARY 


1. The rate of secretion of estrogenic hormone by the ovaries of 
the young adult Rhesus monkey (weighing 4 to 5 kilograms) is esti- 
mated tentatively as equivalent to about 200 International Units 
(20 gamma) of estrone daily. 

2. Multiplying this figure by a factor of 15, to allow for the pro- 
portionate weight, the rate of production of estrogenic hormone by 
the ovaries of the human female is roughly estimated as the equivalent 
of 3000 International Units (300 gamma) of estrone daily. This 
calculation is not very far from an estimate, based on clinical trials by 
W. M. Allen, of 4200 International Units daily. 
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The similarity of the menstrual cycle of the rhesus monkey to that 
of the human female has made the study of this animal practically 
indispensable to the student of sex physiology. As yet, the normal 
and pathologic physiology of the human mammary gland is imper- 
fectly understood. Controlled observations on the macaque offer 
an important aid to the interpretation of changes observed in the 
human gland in its various physiologic and pathologic states. 

The effects of castration upon the human breast have received 
inadequate attention and are poorly understood. Alterthum (1899) 
was unable to detect any changes in the breasts of eighteen young 
women following bilateral ovariectomy, although Keppler (1891) 
had reported a significant decrease in size of the breasts in fifteen of 
his patients. Pfister (1898) described breast changes in fifty per cent 
of 116 cases following the operation. In about sixty per cent of the 
cases in which changes occurred, the breasts underwent atrophy, 
while in forty per cent there was an increase in mammary size, thought 
to be due to a generalized increase in fat deposition. However, in 
no instances, so far as the writer is aware, have the mammary glands 
of a series of castrated patients been subjected to microscopic study, 
and no pathologic changes in the glands have been attributed to 
castration itself (Bauer, 1931). Even in laboratory mammals, where 
the mammary glands are readily available for histologic examination, 
castration has been observed to produce no specific effects in mature 
animals (Ebhardt, 1928; Smelser, 1933; Turner and Schultze, 1931). 

The present report describes certain characteristic pathologic 
alterations in the mammary gland of the mature female rhesus monkey 
following castration. The typical picture bears certain resemblances 
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to forms of spontaneously occurring mammary disease in the human, 
and may help elucidate the pathogenesis of these conditions. 

The material upon which this study is based comprises the mam- 
mary glands of sixty-seven adult castrated female monkeys. They 
were collected in large part by Dr. Carl G. Hartman, in whose labora- 
tory the studies were made, and to whom the writer is deeply indebted. 


OBSERVATIONS 


In the rhesus monkey a generalized atrophy of the mammary gland 
occurs following castration of the mature female. The atrophic 
changes will be described in detail in a later report. Concurrently 
with such changes, localized nodular hyperplastic areas appear, con- 
sisting of well circumscribed acinar tissue standing out sharply from 
the rest of the gland. The resulting characteristic picture has made 
it possible to single out, in whole amounts, the mammary glands 
of the castrated animals from the glands of animals with intact 
ovaries, on the basis of these nodular islets. 

Seventeen animals were castrated and received no subsequent 
hormonal treatment. Their mammary glands were studied either 
at autopsy or by repeated biopsies during the period of post-castration 
involution. Beginning characteristic nodule formation was observed 
as early as twenty-nine days after spaying, and was found in different 
animals up to eighteen months after castration. This was the longest 
post-castration interval represented in the material from untreated 
animals. 

In unstained preparations these nodules appear grossly as white, 
opaque, round or oval masses of parenchymal tissue, which are larger 
and more dense than the remaining atrophying lobules. A typical 
specimen is shown in Figure 1, which is a spread of mammary tissue 
obtained for biopsy forty-four days after castration. Figure 2 is an 
enlargement of the same preparation after staining. When the 
changes in the breast are followed by means of repeated biopsies, it is 
often possible to trace the development of such nodules from the 
stage at which they first begin to differentiate from the surrounding, 
normally involuting lobules, to the end stage when complete growth 
has been attained. These changes are shown in Figures 3 to 6, which 
represent stained biopsy preparations obtained from the same monkey, 
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beginning at the time of castration and ending seventy-six days later. 
At this time endocrine therapy was instituted. Therefore one can- 
not say with certainty whether additional spontaneous nodular 
growth would have occurred in this particular animal. In other 
monkeys, observed for longer periods, the nodules have been found 
to grow very little after they are once well established by the end of 
the second or third month. 

From a study of the gross mounts, these adenomatous formations 
appear to arise from pre-existing mammary lobules. Growth occurs 
laterally, in the plane of the mammary gland, rather than antero- 
posteriorly, so that the tumors come to assume a discoid shape, 
ranging in diameter from one to six millimeters. Great variation 
in the ultimate size of the individual nodules occurs, both from 
animal to animal and in different regions of the same gland. In some 
glands only a solitary tumor may be found, while in others there may 
be twenty or thirty. 

Upon examination of the gross mounts, even under the low power 
dissecting microscope, the alveolar nature of the nodules becomes 
immediately apparent. Here the patent acini are clearly discernible, 
in sharp contrast to the adjacent involuting lobules with collapsed 
acini. Histologic sections confirm the adenomatous nature of the 
nodules; the microscopic appearance bearing a close resemblance to 
normal mammary parenchyma (Figures 7 and 8). The acini are 
patent and the cells hypertrophic, with large vesicular nuclei. Secre- 
tory vacuoles are usually present in the acinar cells (Figure 9). The 
abundance of mitotic figures at certain stages of development permits 
little doubt that the nodules are undergoing rapid growth (Figure 9). 
Microscopic study confirms the impression gained from the gross 
mounts that the nodules grow to a size which far exceeds the size of 
the normal lobules at the time of castration (Figures 3 and 6). Some 
of the nodules appear extremely vascular, and in histologic section 
many small blood vessels, filled with red blood cells, are seen occupy- 
ing the interacinar interstices. 

In one untreated castrate, ten months after operation, and in 
several that received subsequent hormonal therapy, another type of 
change has been observed, namely cystic dilatation of the acini. Fig- 
ure 10 shows a lobule containing such cystic acini, in sharp contrast 
to a nearby lobule which has undergone involution. The acinar cells 
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contain large vacuoles, and the lumina contain the secretory products 
of the cells (Figure 11). 

In contrast to the seven untreated castrates which showed the 
nodular changes described, the mammary glands of six other untreated 
monkeys failed to show these changes following castration. Four, 
however, had been castrated only twenty-eight days or less, and the 
two remaining were castrated during pregnancy. In the absence 
of pregnancy, and when the post-castration interval was of sufficient 
duration, the appearance of parenchymatous nodules was observed 
in every untreated animal. 

Opportunity to study the possible hormonal prevention or modifica- 
tion of the nodular hyperplastic changes resulting from castration was 
provided by the mammary glands of fifty-four animals which received 
various endocrine preparations after castration. Estrogens (amniotin, 
estrone, estradiol propionate, estradiol dipropionate, andstilbestrol) 
and androgens (testosterone and its esters) were administered by 
injection, either alone or together, as well as in combination with 
progestin, progesterone, and prolactin. 

The available data do not permit an accurate evaluation of the 
relative effectiveness of the various hormones or hormonal combina- 
tions tried. Nor is the material large enough to make possible a 
determination of the minimal effective dose and duration of treatment. 
A consideration of the time interval between castration and the 
institution of treatment, however, clearly indicates the importance 
of this factor in determining the occurrence or nonoccurrence of the 
mammary nodules. For when treatment was begun early the inci- 
dence of nodule formation was distinctly less than when a longer 
interval was allowed to elapse after spaying. Thus, of the fifteen 
treated animals in which nodules developed, the institution of hor- 
monal therapy was delayed in nine from thirty days to eighteen 
months following ovariectomy. In the remaining six, although 
treatment was begun earlier, dosages were inadequate, as judged by 
ineffectiveness in producing other well-known biologic reactions. In 
the thirty-nine treated castrates in which nodules did not develop, 
on the other hand, medication was begun immediately following 
operation in twenty-six, and from twelve to forty-one days later in 
the remaining thirteen. 

When a nodule was found in mammary tissue obtained for biopsy, 
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this was considered significant. In no instance, however, was a 
mammary gland considered free of nodules unless the entire breast 
was available for examination. 

In six instances hormones (amniotin, estradiol benzoate, stilbestrol, 
methyl and ethinyl testosterone, and desoxycorticosterone acetate) 
were given to castrates in which biopsies had already established the 
presence of mammary nodules. In none of these cases was there 
conclusive evidence that the injections had modified either the gross 
or microscopic appearance of the nodules. 

Nodular formations of the type described, although characteristic 
of the castrated monkey, are not limited to such animals. In a com- 
plete examination of almost 300 pairs of monkey mammary glands, 
similar nodules have also been found in six non-castrated animals. 
One of these monkeys had undergone partial hypophysectomy four 
and one-half years before autopsy; two had large destructive choco- 
late cysts of the ovaries; and two had died after debilitating illnesses 
and prolonged amenorrhea. In each of these instances there is 
ample evidence pointing to the existence of ovarian hypofunction. 
The sixth animal was thirty-eight days pregnant at the time of 
autopsy. The previous history of this monkey is not available, and 
there is no apparent endocrine abnormality to which the development 
of the mammary nodules can be attributed. 


DISCUSSION 


A series of hyperplastic and cystic changes has been described 
which characterizes the mammary gland of the mature castrate fe- 
male monkey. This is the first time that such pathologic alterations 
have been attributed to ovariectomy, although similar nodular forma- 
tions have been described during the course of post-lactational involu- 
tion in the mammary glands of certain strains of mice (Gardner, 
Strong and Smith, 1939). These neoformations usually become 
manifest, in the monkey, about one month after spaying, but the 
earlier institution of treatment with adequate dosages of various 
estrogenic and androgenic preparations has been found effectual in 
preventing their appearance. The hormonal changes of pregnancy 
likewise serve as an adequate preventive against these tumors. Al- 
though no comparable anatomical changes in the human breast follow- 
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ing castration have been described, it has long been known that many 
patients “lactate” after surgical removal of the ovaries (Alsberg, 
1907; Griinbaum, 1907). This secretory phenomenon has been ob- 
served in mature women independently of age, parity, and the condi- 
tion of the ovaries. Most of the post-castration nodules in the monkey 
breasts, which were examined histologically, gave evidence of secre- 
tory activity, and in some instances the large secretory vacuoles in the 
cells and the secretion products in the alveoli formed a very prominent 
part of the microscopic picture. 

It is tempting also to compare the present observations on the 
mammary gland of the spayed monkey with certain pathologic changes 
which occur with great frequency in the breasts of post-menopausal 
women. Tietze (1904), for example, regarded cystadenomatous 
changes in the mammary gland as physiologic for old age. Von 
Saar (1907) and Dietrich (1926) also emphasized the relation of 
epithelial proliferation and cyst formation to the mammary involution 
of the menopause; and Moszkowicz (1926, 1927) attributed the forma- 
tion of benign mammary tumors to failure of the ovaries, which he 
regarded as normally exercising an inhibitory function upon the 
growth, as well as the secretion of the mammary glands of mature 
women. Litten (1926) has also described ‘pathological lactation” 
in a series of breasts, which he examined at autopsy, from women in 
or beyond the menopause. 

That the appearance of epithelial nodules and cysts in the breasts 
of castrated monkeys is due to the withdrawal of the regulatory in- 
fluence of the ovaries seems beyond question. The mechanism by 
which these changes are brought about, however, is by no means clear. 
The titers of estrogenic substances in the blood and urine of human 
patients have been found to be extremely low after bilateral ovariec- 
tomy (Frank, Goldberger and Salmon, 1936). The pituitary has 
assumed an increasingly important role in recent years in the study of 
mammary physiology, and in this connection the demonstration by 
Severinghaus (1939) of an increase in the basophile cells in the macaque 
pituitary after castration may be of significance. In addition to what- 
ever hormonal factors may be responsible for the mammary hyper- 
plasia and secretory activity, one must assume also the operation of 
local factors within the gland, to account for the localization of the 
nodules and cysts. 
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CONCLUSIONS 


1. Following castration of the mature female rhesus monkey, 
circumscribed nodules of epithelial hyperplasia appear in the mam- 
mary glands. These nodules consist of acinar tissue and are char- 
acterized by numerous mitotic figures, secretory activity of the cells, 
and in some, by a high degree of vascularity. Less regularly, areas 
of cystic dilatation of the acini also appear. 

2. These changes begin to occur about one month after removal of 
the ovaries, but their appearance may be prevented by pregnancy or 
by the prior institution of hormonal therapy with estrogens or andro- 
gens. Later treatment is probably ineffectual in preventing the 
occurrence or in modifying the structure of these tumors. 
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Fic. 1. Monkey no. 703. Spread of mammary tissue of mature female forty- 
four days after castration; showing nodule formation (N). The small opaque 
structures are atrophic mammary lobules. Unstained; x 5. 

Fic. 2. Mount of specimen shown in Fig. 1. Alum cochineal; x 12. 
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Fics. 3-6. Monkey no. 687. Mammary biopsies at various stages after 
castration; showing development of nodules. Alum cochineal; x 12. 

Fic. 3. At time of castration; showing normal gland. 

Fic. 4. Twenty-nine days after castration. Early nodule formation is now 
evident. 
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Fic. 5. Sixty-two days after castration. Nodules have persisted, as remainder 
of gland undergoes progressive atrophy. 
Fic. 6. Seventy-six days after castration. 
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Fics. 7-9. Monkey no. 687. Sections of mammary tissue obtained for biopsy 
before and after castration. 

Fic. 7. At time of castration; showing normal lobules (L) and duct (D). Hema- 
toxylin and eosin; « 50. 

Fic. 8. Sixty-two days after castration; showing portion of nodule (N), atrophic 
lobules (L;), and duct (D,). Hematoxylin and eosin; x 50. 

Fic. 9. Section of mammary nodule shown in Fig. 8; showing mitotic figures 
and secretory vacuoles. Iron hematoxylin; x 1000. 
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Fic. 10. Monkey no. 76, ten months after castration. Section of mammary 
gland; showing cystic dilatation of acini and an atrophic lobule. Hematoxylin 
and eosin; X 85. 


Fic. 11. Same as Fig. 10; showing secretion in acini and secretory vacuoles 
Mallory’s stain; x 400. 











THE TOXICITY, ABSORPTION AND CHEMOTHERAPEUTIC 
ACTIVITY OF 2-SULFANILAMIDOPYRIMIDINE 
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WOLFF, M.S., EVELYN HUNTINGTON, Pu.D., anp M. L. CROSSLEY, Pu.D. 


From the Biological Laboratories of the American Cyanamid Company, Stamford, Connecticut 
Submitted for publication September 18, 1940 


INTRODUCTION 
2-Sulfanilamidopyrimidine (sulfadiazine) 
—CH 


N 
i il 
HNC > SO.NH—C CH 


=CH 


is one of a large group of heterocyclic derivatives of sulfanilamide 
which was prepared by the group of synthetic chemists in the Research 
Laboratories of the American Cyanamid Company (1). This com- 
pound was investigated for its toxicity in laboratory experimental 
animals, for the rate and mode of absorption from oral administration 
and from subcutaneous administration of the sodium salt, and for its 
therapeutic effect in various experimental infections in mice. 


MATERIALS AND METHODS 


Throughout this investigation adult white mice of both sexes, weighing between 
18 and 22 gm., were used. The dogs used were adults of either sex, that had been 
kept in the laboratory for at least one month prior to use, during which time they 
were freed from worms and immunized against distemper. The monkeys were 
Macacus rhesus, and had been kept in the laboratory for at least two weeks 
before being used for the experimental work. At autopsy many of them showed 
a few tubercles in the lungs. This was the result of natural infection and was 
never very extensive. : 

Acute Toxicity. In the performance of the acute fatal toxicity tests in mice, 
animals weighing between 19 and 21 gm. were selected and all of them were 
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dosed on a basis of an average weight of 20 gm. The oral administration of sulf- 
adiazine was made by means of gavage, the compound having been suspended in 
10 per cent gum acacia to a concentration that would yield the necessary dose in 
a volume of 1.0 cc. or less. The sodium salt of the compound was administered 
subcutaneously. All of the mice were observed for a period of five days following 
dosage. 

Chronic Toxicity. The chronic toxicity experiments in mice were performed 
using the dosage method described by Litchfield, White and Marshall (2). The 
drugs were mixed in pulverized mouse food to a definite concentration, as is in+ 
dicated in the tables. The food and the drug were accurately weighed out, mixed 
in an electric mixer, and then further mixed and pulverized in a porcelain ball 
mill. The animals were put on their respective diets, each mouse occupying a 
separate cage so that the amount eaten from the non-spillable food cups could 
be determined day by day. Blood concentrations were determined frequently 
in these mice during the course of the 30 days that they were on the diet, so that 
a reasonable idea of the continuous blood levels of the respective drugs in the 
mice was obtained. It had been previously determined that the mice ate from 
11 to 15 times during the 24-hour periods at almost regular intervals. The blood 
concentrations at 10 o’clock in the morning were therefore fairly representative of 
the average blood concentration maintained in the mice throughout the day. 
The animals that died were autopsied and sections of kidney and liver were made 
for pathological study. 

The chronic toxicity studies in the monkeys were performed by dosing the 
animals twice daily at 9 a.m. and 5 p.m., according to the amounts shown in the 
tables. The monkeys were maintained on this dosage for 30 days. Blood concen- 
trations were determined twice weekly. The blood sample was always drawn 
just prior to the 9 a.m. dose so that it represented the minimum concentration of 
the day. The comparisons were based upon this minimum concentration, al- 
though, as may be seen from the absorption data, much higher levels were reached 
during the course of the day. At the conclusion of the experiment a gross path- 
ological study was made and sections of the kidneys, viscera, brain and spinal 
cord were examined microscopically. 

The effect of a diet containing sulfadiazine and sulfathiazole upon the growth 
of young rats was studied. Litter mates were divided so that each group of four 
rats contained representatives of the several litters that were used. One group 
was put on a diet containing 0.5 per cent sulfathiazole and another group was put 
on a diet containing 0.125 per cent sulfadiazine, and the third group was put on 
the normal diet free of drug. Blood concentrations were determined in these 
animals in order to establish that the comparisons were made on the basis of 
approximately the same blood levels in the experimental groups. 

Blood Level Determinations. The blood concentrations of sulfadiazine and the 
other compounds were determined by means of the method described by Bratton 
and Marshall (3). The colorimetric comparisons were made on a Hardy spectro- 
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photometer after first determining the wave length of the maximum absorption 
of the respective compounds. These are as follows: 


millimicrons 
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Hemolytic Streptococcal Infections. C-203, the well-known mouse virulent 
strain of B-hemolytic streptococcus, was used for producing the experimental 
streptococcal infections in mice. The technic of this experiment has been previ- 
ously described by Feinstone, Bliss, Ott and Long (4). 

Pneumococcal Infections. The SV-1 strain of pneumococcus Type I, which is 
known for its rather high susceptibility to chemotherapeutic agents, was used in 
this investigation. As in the case of C-203, the virulence was maintained at a 
maximum by tri-weekly mouse passage, and the inoculum was aimed at 10,000 
M.L.D., and most frequently fell between 10,000 and 15,000, as determined by 
plate count. The treatment with the drug consisted of 20 mg. doses given by 
stomach tube immediately following infection, and again in eight hours. Doses 
were repeated twice daily for a total of two days, followed by one dose daily for 
three more days. The mice were then observed for 30 days. 

Staphylococcal Infections. The experimental staphylococcal infections were 
given to the mice by the inoculation of 0.02 cc. of a suspension of organisms, the 
turbidity of which was made up by comparison to a powdered Pyrex glass stand- 
ard. Immediately following the intravenous inoculation of the organisms, 1 cc. 
of a 20 per cent glucose solution in saline was given intraperitoneally according 
to the method of Parfentjev (5). Treatments of 10 mg. doses of drug were 
administered twice daily for the first five days, beginning immediately following 
infection and once daily for five days longer. The mice were observed for 30 
days. 

Friedlander’s Bacillus Infections. The organism used in these experiments was 
a standard strain of Group B obtained from the Lederle Laboratories and desig- 
nated Strain E. This was also maintained at maximum virulence. The inocu- 
lation, which was aimed at about 100,000 M.L.D. was always, as in the case of 
the other infections, determined by simultaneous plate counts. The method of 
treatment was the same as that used for the pneumococcus experiments described 
above. The animals were observed for 30 days. 

Aulopsies. Representative numbers of the mice that died during the course 
of any of the therapeutic experiments were autopsied and heart blood cultures 
were made to ascertain that death was due to the specific organism. In the case 
of staphylococcal infections, it was frequently unnecessary to make heart blood 
cultures, as the specificity could be ascertained by gross examination of the kid- 
neys, in which abscesses were frequently found. Lacking the appearance of ab- 
scesses, kidney and heart blood cultures were made to determine cause of death. 








v 





430  FEINSTONE, WILLIAMS, WOLFF, HUNTINGTON, CROSSLEY 


RESULTS 


Acute Toxicity. The acute fatal toxicity in mice of sulfadiazine 
cannot be determined by the administration of the compound by 
mouth, because, as Marshall (6) and one of us (4) have pointed out, 
there is a marginal absorption of compounds such as sulfapyridine 
which, because of their low solubility, results in blood concentrations 
that are not high enough to cause death. It is shown in Table 1 that 

















TABLE 1 

The Acute Toxicity of Sulfadiazine for Mice Following Single Doses 

NO. MICE DOSE | NO. DEAD | % DEAD 
Free acid per os 
s./ke. 
5 10.0 0 0 
5 5.0 0 0 
Sodium salt subcutaneously 

15 0.5 0 0 

25 0.75 0 0 
3» 1.0 1 3.3 
25 1.25 7 30.8 
30 a 13 43.5 
25 1.75 25 100.0 
10 2.0 10 100.0 
7 2.25 7 100.0 
20 2.5 20 100.0 
20 3.0 20 100.0 
10 3.5 10 100.0 
2 5.0 2 100.0 














Deaths at doses less than 2.0 g./kg. took place 24 hours or more after dosage. 


mice receiving as high as 10 gm./kg. orally do not succumb. If, 
however, the sodium salt of sulfadiazine is injected subcutaneously 
the L.D. 50 for the compound can be placed at a figure between 1.5 
and 1.75 gm./kg. It is interesting to note that while mice receiving 
the sodium salt of sulfapyridine died within several hours of their 
dosage, the mice receiving lethal doses of the sodium salt of sulfa- 
diazine did not die for the most part until more than 24 hours following 
their dose. 


Solubility. The pH of the sodium salts of sulfapyridine, sulfa- 
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thiazole and sulfadiazine at 10 per cent concentration in physiological 
saline solution and in distilled water are approximately the same. 
At 10 per cent concentration of saline solution the sodium salt of 
sulfadiazine has a pH of 10.2. The sodium salt of sulfapyridine has a 
pH of 10.7, and that of sulfathiazole was found to be 9.9. These 
determinations were made with a glass electrode and the values were 
corrected for Na ion concentration. 

Table 2 shows the relative solubilities of sulfapyridine, sulfathiazole 
and sulfadiazine in water and in blood, serum and urine.' Large 
amounts of the drugs were added to the respective solvents and the 
mixtures agitated for 48 hours or more at 37°C. A portion of the 
fluid was then removed by filtration through a fine sintered glass filter 
to make certain that only dissolved material came through. This 
was then analyzed for drug content by the Marshall method. It was 
found necessary to boil or buffer the urine so that the formation of 
an alkaline reaction as a result of urease activity during the incubation 
period, did not interfere with the normal solubility of the compounds. 

It is shown in the table that the acetyl derivative of sulfadiazine 
has a greater solubility in defibrinated rabbit blood, in horse serum 
and in urine than it does in distilled water. Sulfapyridine and sulfa- 
thiazole and their acetyl derivatives also have somewhat greater 
solubility in the biological fluids, but the increase is not nearly as 
great as in the case of sulfadiazine. It was furthermore determined 
that urea and sodium chloride are not responsible for the greatly in- 
creased solubility of the acetyl compounds. 

Whether the apparent increase in solubility represents true solution 
or colloidal dispersion, especially in blood, is not xnown, although it is 
believed that the latter possibility is rather remote. The significance 
of these findings will be discussed below. 

Chronic Toxicity. In Table 3 a brief resumé of the chronic toxicity 
experiments in mice and in monkeys is given. From this it may be 
seen that mice on various diets of the different compounds were main- 
tained throughout the experimental period at a definite blood con- 
centration. The evaluation of toxicity of the compound was based 
not on the dose but on the blood concentration. Under these ex- 
perimental conditions sulfanilamide at blood concentrations averaging 


1 These experiments were performed with the assistance of Mr. H. E. Faith. 
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22.5 mg. per cent for 30 days caused no abnormal changes in these 
animals. Mice with blood concentrations of sulfapyridine up to 
an average of 24 mg. per cent also remained normal throughout the 
period of the experiment. 

Two mice died in the group that was maintained at an average 

















blood concentration of 9 mg. per cent sulfathiazole. In another 
TABLE 2 
Solubility of Sulfadiazine, Sulfapyridine, Sulfathiazole and their Acetyl Derivatives in 
Biological Fluids 
COMPOUND SOLVENT, 37°C. SS. tate 
mg. To mg. To 
—Gulfapyridine................. H,0 100 49.5 — 
Acetyl sulfapyridine........... H,O 50 21.0 
— ES ar H,O 150 %2.— 
Acetyl sulfathiazole........... H,O 50 6.5 
ER SIEGE H,O 50 12.0~ 
Acetyl sulfadiazine............ H,O 50 15.0 
Acetyl sulfapyridine........... Urine (buffered) pH 6.9 100 22.7 
Acetyl sulfapyridine........... Urine (buffered) pH 6.9 100 30.7 
—Acetyl sulfadiazine............ Urine (buffered) pH 6.9 100 84.7 
Acetyl sulfadiazine............ Urine (buffered) pH 6.9 100 87.8 
Acetyl sulfapyridine........... Urine (boiled) pH 6.3 200 29.9 
Acetyl sulfapyridine........... Urine (boiled) pH 6.3 200 33.8 
Acetyl sulfathiazole........... Urine (boiled) pH 6.3 200 25.5 
Acetyl sulfathiazole........... Urine (boiled) pH 6.3 200 37.5 
Acetyl sulfadiazine............ Urine (boiled) pH 6.3 200 115.7 
Acetyl sulfadiazine............ Urine (boiled) pH 6.3 200 113.4 
Acetyl sulfadiazine............ Urea 2.25%, NaCl 0.9% 150 39.2 
A Defibrinated rabbit blood 250 247.0 
a i a decersa a dno.) Normal horse serum 150 107.0 
Acetyl sulfadiazine............ Defibrinated rabbit blood 250 198.0 
Acetyl sulfadiazine............ Normal horse serum 250 126.1 
re ae Urine (boiled) pH 6.6 250 32.1 





group of mice in which the blood concentration of sulfathiazole aver- 
aged 27 mg. per cent there were also several early deaths. The livers 


and kidneys of the mice that died were partially autolyzed and the 
results of the microscopic studies were therefore not satisfactory. 
We have since had several other groups of mice on a diet containing 
2 per cent sulfathiazole and have always noted the death of a large 
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majority of them within ten days. This agrees with the results 
obtained by Van Dyke ef al. (10). 

Mice on diets containing various concentrations of sulfadiazine 
which resulted in maintained blood levels up to 40 mg. per cent for 
30 days, showed no toxic effects of the drug. In the group of mice 
that had an average sulfadiazine blood concentration of 48 mg. per 
cent, all of the animals died by the twentieth day. In this group 
the microscopic study of the kidneys was not conclusive owing to 
partial autolysis of the tissues. The livers were apparently normal. 

Monkeys maintained on a daily dosage of 0.1 gm./kg. of sulfa- 
diazine showed no gross manifestations of toxicity after 30 days. 
Likewise, monkeys remained normal in every respect on daily doses 
of 0.25, 0.5 and 1.0 gm./kg. of sulfadiazine for 30 days. The average 
blood concentrations in these animals are given in Table 3, and from 
this it may be seen that the monkeys remained normal after main- 
taining blood concentrations up to 20 mg. per cent of free sulfadiazine 
and 2 mg. per cent of conjugated sulfadiazine in the blood stream. 
One monkey received 2 gm./kg. of sulfadiazine daily, in two divided 
doses. The average blood concentration in this animal was 23.5 mg. 
per cent free sulfadiazine and 8.9 mg. per cent conjugated substance. 
This monkey became noticeably ill on about the 15th day and was 
moribund by the 25th day. Its partially comatose condition from 
that time on, together with tremors of the limbs, caused us to sacrifice 
this monkey on the 27th day. The kidneys were twice the size of 
the kidneys of any of the other monkeys, and crystals were visible on 
the cut surfaces of the kidneys and in the ureters and bladder. None 
of these manifestations was found in the monkeys on the lower doses. 
On microscopic examination of the sections of this animal, severe kid- 
ney damage and some changes in the spleen were noted. No changes 
were found in any of the other organs. 

For comparison with the above-mentioned results, a similar group 
of monkeys was run on various doses of sulfapyridine. The descrip- 
tion of the microscopic sections from the tissues of these monkeys 
appears in Table 3. From this table it may be seen that even small 
doses of 0.1 gm. per kg. administered daily for 30 days caused changes 
in the kidneys of these animals. As the dosage was increased in 
other monkeys, there was a corresponding increase in renal damage. 
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By considering the blood concentration, it may be seen that monkeys 
receiving doses of sulfadiazine, which resulted in blood concentrations 
up to 20 mg. per cent of free substance, suffered practically no changes 
evident by microscopic examination of the tissues. In these monkeys 
the conjugated sulfadiazine seldom exceeded 10 per cent of the total 
blood concentration. In contrast to this, the animals receiving sulfa- 
pyridine showed conjugated material that averaged 50 to 75 per cent 
of the total blood concentration, and tissue damage was evident 
in the monkeys that were maintained on a blood concentration as 
low as 2 or 3 mg. per cent of free substance. The fact that less damage 
was seen in the sulfadiazine group of monkeys may have been due in 
part to the production of comparatively little of the acetyl derivative. 
Sulfapyridine monkeys, on the other hand, conjugated a large por- 
tion of the absorbed drug and the greater toxicity may have been due 
to the large quantity of the acetyl substance in the blood. Neverthe- 
less, it is important to note that in spite of very large doses, sulfa- 
diazine produces considerably less kidney damage than does sulfa- 
pyridine, whether this be due to the production of less acetyl substance 
or not. From these experiments in the monkeys, and from experi- 
ments in rabbits, which will be described below, we were unable to 
rule out the possibility that the acetyl sulfapyridine which was pro- 
duced in greater amounts than acetyl sulfadiazine was responsible 
for the tissue damage noted. The only way in which to compare 
directly the toxic effects of the acetyl derivatives of these two sub- 
stances would be to administer the acetyl compounds directly, since 
the production of acetyl substance following administration of the 
free compounds is much less with sulfadiazine than it is with sulfa- 
pyridine. Experiments to determine directly the toxicity of the 
acetyl substance are in progress. 

The monkeys that received sulfapyridine also suffered from anorexia 
and vomiting, and were very much debilitated at the end of the ex- 
periment. None of these symptoms was noted in the animals that 
received sulfadiazine. 


Kidney damage was not apparent in the monkeys until the 2 gm./kg. 
dose of sulfadiazine was reached. The monkeys receiving as little as 
0.25 gm./kg. of sulfapyridine showed definite necrosis in the tubular 
epithelium. Grossly, at autopsy, the monkey receiving 1 gm./kg. 
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Fic. 1. Kidney of a monkey receiving continuous doses of sulfadiazine, 2.0 
gm./kg. daily for 27 days (blood concentration 23.5 mg.% free, 32.4 mg.% total); 
damage to tubular epithelium. 200 x. 














TOXICITY, ABSORPTION AND ACTIVITY OF SULFADIAZINE 441 





Fic. 2. Kidney of a monkey which received continuous doses of sulfapyridine, 
0.25 gm./kg. daily for 30 days (blood concentration 3.7 mg.% free, 12.3 mg.% 
total); damage to tubular epithelium. 200 x. 
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of sulfapyridine showed an enormously dilated bladder with complete 
blockage of the urethra as well as almost complete blockage of the 
ureters. Plugs of concretions having a dry weight of almost 1 gm. 
and a melting point corresponding to that of acetyl sulfapyridine, 
were removed from the urethra, ureters and kidney pelves. 

Methemoglobin determinations were made weekly on every monkey. 
The animal that had 2.0 gm./kg. of sulfadiazine had 75 per cent 
methemoglobin on the 21st day. This was the only animal that mani- 
fested any significant change from the normal. It should be men- 
tioned that values on normal monkeys varied from 0 to 5 or 6 per cent, 
often in the same animal. 

Chronic toxicity experiments in rabbits were performed in the 
same manner as that described for the monkeys. Doses were ad- 
ministered only once daily and were continued for 21 days. The 
rabbit receiving 0.25 gm./kg. of sulfapyridine was autopsied on the 
21st day. All the organs were normal. Crystals were seen in the 
residual urine of the bladder. The rabbit receiving 0.5 gm./kg. of 
sulfapyridine died from trauma following dosage on the third day, 
and although all tissues appeared normal it must be considered in- 
significant because of the short time during which this rabbit was 
maintained on this dose. Another rabbit receiving 2.0 gm./kg. of 
sulfapyridine died on the third day of dosage. The kidneys contained 
very large renal calculi as well as visible crystals on the cut surfaces. 

A rabbit receiving 0.25 gm./kg. of sulfadiazine remained perfectly 
normal throughout the 21 day period. No calculi or crystals were 
seen in the kidneys. The kidneys of a rabbit receiving 0.5 gm./kg. of 
sulfadiazine were also normal. The rabbit receiving 2.0 gm./kg. of 
sulfadiazine died on the 11th day of dosage. The cause of death was 
not determined. The kidneys contained a few crystals of what was 
assumed to be sulfadiazine or its acetyl derivative. No calculi were 
seen in the kidneys. 

The blood concentrations at which these rabbits were maintained 
as a result of their dosage, are shown in Table 7. From this it may 
be seen that in general animals receiving sulfadiazine were maintained 
at blood concentrations that far exceeded the levels maintained in 
the animals receiving sulfapyridine. Also, from the appearance of 
the tissues at autopsy, the general impression was that in spite of the 
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much higher blood concentration the rabbits receiving sulfadiazine 
showed much less toxicity. 

The experiment in which young rats were put on diets containing 
sulfathiazole and sulfadiazine, is shown in Table 4. This table indi- 
cates that the group of rats maintained on a 0.125 per cent diet of 
sulfadiazine gained in weight similarly to the control rats which 
were on a normal diet. The control rats on a normal diet had an 
average initial weight of 28.9 gm. and their final weight was 134.2 
gm., showing an average gain in weight of 105.3 gm. in 30 days. The 
animals on the diet containing sulfadiazine showed an average gain 
in weight of 101.9 gm. in the same period. Their initial weights 
averaged 28.8 gm. Rats on a diet containing sulfathiazole also began 


























TABLE 4 

Average Goin in Weight of Young Rats on Diets Containing Sul fadiasine and Sul fathiasole 

coxrorap hn a 

me % &. £. £. 
Sulfathiazole............. 0.5 12.5 27.8 103.5 75.7 
EE 0.125 10.7 28.8 130.7 101.9 
Re ore Normal diet _ 28.9 134.2 105.3 
4 rats in each group 


with an average initial weight of 27.8 gm. and showed an average 
gain in weight of only 75.7 gm., indicating that the diet had a definite 
retarding effect on the growth of these animals. It will also be seen 
that, although the animals on sulfadiazine were on 0.125 per cent 
diet as compared to the 0.5 per cent diet of the sulfathiazole group, 
the blood concentrations in the two groups were approximately the 
same. Drug concentration in the blood is held to be a better basis for 
comparison than drug intake. 

Blood Concentrations Obtained in Various Experimental Animals 
Following Doses of Sulfadiazine and Related Compounds. The blood 
concentrations obtained in mice following single doses of sulfadiazine 
are shown in Table 5. This indicates that sulfadiazine was absorbed 
to a high initial level in mice within the first hour, and that the level 
was maintained until the 12th hour at a point which was relatively 
high, as compared with sulfanilamide, sulfathiazole and other com- 
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pounds (4, 7). However, at the end of 24 hours, very little of the 
drug remained in the blood stream. The conjugation of the drug as 
measured by the difference in the amount of diazotization before and 
after hydrolysis, was comparatively low and similar to that obtained 
with sulfanilamide (4). 

The blood concentrations of sulfapyridine and sulfadiazine obtained 
in rabbits by various doses of the respective compounds are shown 




































































TABLE 5 
Blood Concentrations Obtained in Mice Following Peroral Administration of Various Doses 
of Sul fadiazine 
BLOOD CONCENTRATION—HOURS FOLLOWING DOSAGE 
(uc. PER 100 cc.) 
—_— paecees 1 2 4 8 12 16 4 
Feict; FIC; FIC] F;iIC|FIiC/]FIC; FIC 
10 mg. per os | 1 mouse for all points |22.0 28.6 26.6 14.7 2.7 
10 mg. per os | 1 mouse for all points |24.6 30.6 26.6 12.0 
10 mg. per os | 1 mouse for all points |20.0) 24.6) 18.7 14.7 3.3 2.7 
10 mg. per os | 1 mouse per point /18.9 20.0) 18.9 10.3 4.1 4.5 2.8) 
average 3 mice ; 
10 mg. per os | 1 mouse per point 18.8} O (12.9) 0.5) 2.0) 0.8)11.3) 0.3) 2.3) 0.2) 4.5) 0.2) 0.2) 0.2 
10 mg. per os | 4 mice per point 27.0 14.0 15.4 8.6 4.0 0.9) 
0.5 g./kg. 2mice forall points (18.0) 1.9/19.9) 1.5)19.2/ 0 /|18.6)11.4/ 8.3) 0 1.9) 3.2 
1.0 g./kg. 2 mice for all points |24.4| 0.6/27.6) 5.1|25.6)11.6|23.7| 4.8) 9.0) 1.9) 5.2 
2.0 g./kg. 2 mice for all points |30.1| 2.6|37.8| 0 |37.8| 2.2/35.9)14.3/24.4 3.2) 4.5 
3.0 g./kg. 2 mice for all points |35.9) 5.8/46.8) 3.2|50.0) 2.0)40.4) 4.8/26.3 5.3) 3.1 
* Free compound. 
t Conjugated compound. 


in Table 6. The conjugation of sulfadiazine by the rabbit does not 
seem to be as extensive as that of sulfapyridine. There was a good 
deal of variation among individual rabbits but, in general, the animals 
receiving sulfadiazine had higher blood levels. 

In Figure 3 are shown the blood concentrations obtained in dogs 
following single doses of sulfadiazine administered orally. From 
this it may be seen that the dog was slow to absorb sulfadiazine, the 
peak not being reached until the fourth hour, and in some instances 
not until the eighth hour. The absorption in the monkey, however, 
was more rapid and the blood concentration resulting from a given 
dose was much higher in the case of sulfadiazine than it was when 
sulfapyridine was administered. Figures 4 and 5 illustrate these 
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results. Particularly interesting was the low conjugation obtained 
with sulfadiazine in the monkey as compared with sulfapyridine. 


TABLE 6 
Blood Concentrations Obtained in Rabbits Following the Administration of Single Doses and 
Continued Doses of Sulfadiazine 





































































































BLOOD CONCENTRATION— HOURS FOLLOWING DOSAGE (MG. PER 100 Cc.) 
COMPOUND DOSE 1 2 4 8 24 
re | ct | F c/Ficirlie B Cc 
&-/he. Hours following first dose 
Sulfadiazine 0.1 3.2} 4.5) 3.0) 5.7) 2.5} 3.2} 1.3} 1.1) 0.32] 0.32 
(per os) 0.2 3.1) 3.3) 4.6) 4.2) 7.6, 5.4) 3.0) 2.1) 0.96) 1.2 
0.25 | 14.0} 1.0) 15.0) 2.0) 20.0 1.0) 15.0} 2.0) 1.1! 0.3 
0.3 7.5} 0.7) 7.0) 1.5} 9.3] 2.0) 17.0 1.0| 4.5) 0.8 
0.5 4.6 0.4) 6.2) 1.5} 8.5} 0.8] 12.0) 1.0) 8.4! 0.9 
0.5 | 19.0) 1.0) 27.0; 1.0) 33.0) 1.0] 33.0) 3.0) 6.3| 1.7 
1.0 | 12.0) 7.0| 12.0; 6.0) 16.0) 6.0) 17.0 7.0; 2.5| 9.0 
2.0 | 35.0) O | 36.0) 1.0) 42.0) 2.0) 36.0} 2.0: 17.0! 2.0 
Hours following second day’s dose 
0.25 | 17.0} 2.0) 21.0) 1.0) 29.0; O | 23.0) 1.0) 1.4! 0.2 
0.5 | 22.0} 2.0) 27.0; 1.0 63.0; 0 | 36.0| 0 | 11.0! 0 
1.0 9.8} 16.0) 12.0) 22.0) 18.0) 39.0) 15.0) 23.0) 12.0 | 89.0 
2.0 | 35.0) 1.0) 54.0) 1.0] 42.0) 0 | 55.0; O | 18.0! 2.0 
Hours following first dose 
Sulfapyridine 0.25 7.4) 1.6) 9.8} 2.2) 1.0) 5.0} 9.8) 3.2) 1.8] 0 
(per os) 0.5 9.0} 6.0) 12.0) 11.0) 5.2) 9.5} 4.1) 8.2) 1.6] 0.9 
1.0 5.4, 7.0) 7.1] 8.9) 6.4] 8.6] 6.0} 8.0] 1.4] 7.1 
2.0 | 10.0) 9.0) 10.0) 11.0) 8.2) 11.0} 8.0] 14.0) 3.9] 17.0 
Hours following second day’s dose 
0.25 | 4.9] 4.5) 8.8} 5.2/ 11.0) 5.0] 8.0! 5.0! 0.43 1.2 
0.5 6.1) 11.0) 10.0) 14.0) 10.0) 21.0} 2.6] 21.0) 0.86) 13.0 
1.0 6.8} 14.0) 6.0) 16.0) 3.6] 12.0) 3.6) 12.0) 6.1 | 29.0 
2.0 8.3} 30.0) 18.0) 39.0) 19.0) 34.0) 22.0) 42.0] 13.0 | 64.0 
* Free drug. 


t Conjugated drug. 


In Figure 6 are shown the blood concentrations obtained following 
the administration of toxic doses of sulfanilamide and the sodium salts 
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of sulfapyridine, sulfathiazole and sulfadiazine to mice. The L.D. 50 
of sulfanilamide for mice has been shown to be about 3.5 gm./kg. 
(4,8). The L.D. 50 for the sodium salt of sulfapyridine administered 
subcutaneously has been found by us (9) to be about 1.5 gm./kg. 
The sodium salt of sulfathiazole has also been found to have an L.D. 
50 of about 1.5 gm./kg. (10). In Table 1 of this report we have shown 
that the L.D. 50 for the sodium salt of sulfadiazine is between 1.5 
and 1.75 gm./kg. of mouse weight. 
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Fic. 3. Boop CONCENTRATIONS OBTAINED IN Docs FoLLow1Nnc SINGLE PERORAL 
Doses oF SULFADIAZINE 


The toxic doses of the various compounds mentioned were given 
to mice and the peak of the blood concentration obtained following 
dosage, was determined. From this information one can ascertain 
approximately the blood concentration that is required to produce 
acute death of the mice with each of the compounds. Figure 6 shows 
that with sulfanilamide a blood concentration in mice of about 175 
mg. per cent is attained at the dose which produces deaths in 50 per 
cent of the animals. These results are a confirmation of those pre- 
viously obtained by one of us (4) and by Marshall (8). In the case 
of the sodium salt of sulfapyridine it was found that a blood con- 
centration far lower, 65 mg. per cent, was necessary to produce acute 
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Fic. 5. BLoop CONCENTRATIONS OBTAINED IN MONKEys (M. RHESUS) FOLLOWING 
SINGLE PERoRAL Doses OF SULFAPYRIDINE 

toxicity in mice. The sodium salt of sulfathiazole will cause acute 

toxic death in mice when a blood concentration of about 80 mg. per 

cent is reached, whereas repeated experiments with the sodium salt 
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Fic. 6. RELATION OF BLoop CONCENTRATION TO Toxic DosEs oF SULFANILAMIDE 
AND THE SopruM SALTS OF SULFAPYRIDINE, SULFATHIAZOLE AND SULFADIAZINE 


of sulfadiazine indicate that the blood concentration required to cause 
acute toxic deaths in mice is between 170 to 200 mg. per cent as shown 
in the chart. 
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COMPARATIVE THERAPEUTIC EFFECTS IN EXPERIMENTAL BACTERIAL 
INFECTIONS 


1. Streptococcal Infections. Mice infected with C-203, a strain of 
B-hemolytic streptococcus, were treated with sulfadiazine and the 
other compounds with which it was compared. Many experiments 
in which this infection was treated with sulfanilamide, sulfapyridine 
and sulfathiazole have been previously reported. The effect of these 
compounds on the infection is therefore well established and it is borne 
out in the results presented herewith. It is therefore believed that 
a very good estimate of the relative efficacy of sulfadiazine may be 
obtained from these results. 


TABLE 7 
Comparative Therapeutic Effect of Sulfadiazine and Related Compounds in Hemolytic 
Streptococcal Infection of Mice 
Dose: 10 mg. QD for 3 days per os 
































aie DEATHS IN DAYS wo. | % a 

ae vivats|vivais|—————— 
1|2|3|4|5|6| 7/8) 9 | 10) 11/12/13) 14) 15 Days| % 

Sulfanilamide | 105 | 1\26)14)13)13 F 1) 2} 1 2 1 27 |25.71| 6.68)44.53 
Sulfapyridine | 80 2) 2/21/15 4 6) 1) 1 1 25 |31.3 | 8.15)54.3 
Sulfathiazole | 80 | 4)31/24)14) 2 2 3 | 3.75) 3.29/21.93 
Sulfadiazine 99 9\22 , 3) 1 3,1 1 51 |51.5 |10.54)70.27 
Controls 85 |59)11/15 0 0 | 1.48) 9.9 












































In Table 7, it is shown that sulfadiazine is more effective in the 
treatment of the experimental infections of mice with 6-hemolytic 
streptococcus than are the other compounds. Sulfadiazine allows 
for the survival of 51.5 per cent of the infected animals whereas sulfa- 
pyridine, which proved to be the next best agent in this group of tests, 
saved only 31.3 per cent of the animals. . Based on a survival for any 
part of the experimental period as well as the entire duration, sulfa- 
diazine influences the infected animals so that the average time of 
survival is 70 per cent as compared to 9.9 per cent for the controls and 
44 per cent and 54 per cent, respectively, for sulfanilamide and sulfa- 
pyridine. 

2. Pneumococcal Infections. As was true in all of these experiments, 
the technic provided for the comparison of each of the compounds 
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in the same experiment on the same day, so that any week-to-week 
variation of any factor would affect all compounds equally. Sulfa- 
diazine had a greater therapeutic effect than did either sulfapyridine, 


“ sulfathiazole or sulfamethylthiazole in the pneumococcal infections, 


Sulfapyridine allowed for the survival of 60.8 per cent of the infected 
mice, whereas sulfadiazine saved 82.9 per cent of the animals. The 
average time survival was 16 per cent greater for the sulfadiazine 
treated animals than for any other group. Table 8 shows the above 
results. 










































































TABLE 8 
Comparative Therapeutic Effect of Sulfadiazine and Related Compounds in Pneumococcal 
Infection of Mice 
Dose: 20 mg. BID—2 days; QD—3 days per os 
| 
BEATERS I Davs 63) % |“soevvan 
anenetnes + o Bfvsvene| ———— 
Z}1/) 2/3] 4! 5) 6] 7) 8| 9/10/12] 12/13) 14| 15-302 Days| % 
Sulfanilamide 65 1/10) 6) 7; 5) 5) 4) 1) 1) 1 3 | 21:32.30/13.95)46.5 
Sulfapyridine 74 1) 7/10) 1) 1) 1) | 4) | 1 3 | 45|60.81/21.03/70.1 
Sulfathiazole 98) 1) 1 2} 2) 1) 8} 5S) 5} S} 1) 1) 2) 1) S | 58)59.18/21.59/71.96 
Sulfamethyl- 88 2) 2) 2) 1) 4) 8 4) 2) 2) 3) 1) 3) 1) 6 | 47\53.40\20.4 |67.99 
thiazole 
Sulfadiazine 70 1 2| 2 1; 2) 1 2) 1 58,82 .85|26.43)'88.1 
Controls* 70} 7|S6| 5} | | 2 | 0 | 2.08| 6.6 
* No dose. 


3. Staphylococcal Infections. Sulfathiazole and sulfadiazine had 
approximately the same effect in the treatment of mice infected with 
staphylococci. Sulfapyridine is almost as effective as these two 
compounds whereas sulfanilamide is, of course, much less effective. 
Table 9 shows these results. The fact that these experiments are 
based on dosage rather than on blood concentration has a significant 
bearing upon interpretation of the results. This point is discussed 
below. 

4. Friedlander’s Bacillus Infections. Previous attempts (11, 12, 13) 
at demonstrating therapeutic properties of the sulfanilamide class 
of compounds in the treatment of infections caused by the Fried- 
lander’s bacillus in mice have shown that sulfapyridine has a slight 
éffect in prolonging the lives of mice infected with this organism 











TOXICITY, ABSORPTION AND ACTIVITY OF SULFADIAZINE 451 


and that other compounds such as sulfanilamide had practically no 
demonstrable therapeutic activity. The experiments reported here- 
-with confirm these results in every way. However, sulfadiazine, _ 
unlike sulfapyridine, sulfanilamide and sulfathiazole, shows a very V 
marked beneficial effect in the treatment of this infection in mice. 


TABLE 9 
Comparative Therapeutic Effect of Sulfadiazine and Related Compounds in Staphylococcal 
Infections in Mice 
Dose: 10 mg. BID—S days; QD—S5 days 

































































‘ AVERAGE TIME 
oar DEATHS IN DAYS B3 rE SURVIVAL 
g 1| 2 slalslol7is 9 | 10/11] 12/13] 14|15-30 > | ae Days| % 

Sulfanilamide 59) 3) 1) 4 2) 3) 4 6) 6 2) 4 3) 2} 2) 3) 5 9|15.3/11.28137.6 
Sulfapyridine 60 1 1} 1) 1) 3} 6 4) 2) 2) 3) 14 22 36.6]19.8 66.0 
Sulfathiazole 58} 1) 2 1 1} 1 1) 2) 1) 4 11 33,56.9\23.05)76.83 
Sulfadiazine 115) 2) 4) 2 6| 3} 1) 3) 6 S| 3 4 18 | 58,50.420.55.68.5 
Controls 86,14,15 20, 8| 3:10] 1| 5} 3| | 1] 1] | 1] 1| 3) 3.6 4.97)16.56 

TABLE 10 


Comparative Therapeutic Effect of Sulfadiazine and Related Compounds in Friedlander’s 
Bacillus Infection in Mice 
Dose: 20 mg. BID—2 days; QD—3 days per os 


























F A 

aa g DEATHS IN DAYS a3 a. SURVIVAL 
- S IVEVALS| 
g 1| 2| 3] 4] 5] 6] 7| 8| 9/10/12] 12/13] 14}15-30)¢ Days| % 
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The magnitude of the therapeutic effect with sulfadiazine in the 
treatment of Friedlander’s bacillus infections is as striking as is the 
effect of sulfapyridine or of sulfadiazine in the pneumococcal infec- 
tions described above. Table 10 shows that sulfanilamide has very 
little effect in prolonging the lives of animals infected with this or- 
ganism whereas sulfapyridine and possibly sulfathiazole caused a 
prolongation of life in the respective experimental series. This is 
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indicated by the fact that the average time of survival of the sulfanila- 
mide group is 17.7 per cent and that of the sulfapyridine and sulfa- 
thiazole groups are 27.2 per cent and 22.7 per cent, respectively. 
Sulfadiazine, however, produces an average survival time of 83.2 
per cent, and whereas sulfapyridine allows for an actual survival of 
only 6 out of 99 mice (which is the best result among the sulfanilamide, 
sulfapyridine and sulfathiazole groups), sulfadiazine produces a sur- 
vival of 63 out of 86 mice, or 73.7 per cent in this group. 


DISCUSSION 


When blood concentration, rather than dosage, is used as the factor 
for computing toxicity, the results presented herewith show that 
sulfadiazine has an acute toxicity for mice, as measured by the ad- 
ministration of the sodium salt, which is no greater than that of 
sulfanilamide. Moreover, at a given blood concentration, sulfadiazine 
has a less deleterious effect on the tissues of animals than has sulfa- 
pyridine or sulfathiazole. This difference becomes especially evident 
in the case of the changes occurring in the urinary tract. 

It has been shown by Marshall et al. (8, 14), by Antopol and Robin- 
son (15), and by others, that the acetyl derivative of sulfapyridine is 
more toxic than the free substance, and that the low solubility of the 
former is responsible for the concretions formed in the kidney pelves, 
ureters and bladder. Data on the solubility of the acetyl derivatives 
of sulfadiazine, sulfapyridine and sulfathiazole are given in Table 3. 
Though there is comparatively little difference between the solubilities 
of these compounds in water, the solubility of acetyl sulfadiazine 
in urine is very much greater than that of the others. We feel that 
this greatly increased solubility of the acetyl substance in urine will 
be an important factor in decreasing the damage that results from the 
precipitation of the acetyl derivatives of sulfonamide compounds such 
as sulfapyridine and sulfathiazole. This, together with the fact that 
sulfadiazine is not acetylated to as great an extent as sulfapyridine, 
should make kidney damage less probable. 

The higher blood concentrations obtained from oral doses of sulfa- 
diazine, as compared to the concentrations obtained from similar doses 
of the other compounds, is another factor in the consideration of the 
relative values of these chemotherapeutic agents, in so far as might be 
predicted from the laboratory results. The absorption is rapid; 
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the elimination is comparatively slow but is apparantly not slower 
than that of sulfapyridine, although careful clearance studies would 
be required to clear up this question. The conjugation in the blood 
stream is in most animals much less than that obtained with sulfa- 
pyridine. However, this is not evident in rabbits. It has already 
been seen from the chronic toxicity data, that in experiments in which 
the drug was administered in the diet, the blood concentrations re- 
sulting from any given drug dosage are four to five times higher in the 
case of sulfadiazine than in the cases of sulfanilamide, sulfapyridine 
and sulfathiazole. 

The therapeutic experiments described in this report show, in 
general, that sulfadiazine has a greater effect than the other compounds 
in the various experimental bacterial infections. It should be pointed 
out that part of the enhanced effect may be due to the factor described 
above, namely, the more thorough absorption from a given dose. The 
therapeutic experiments were performed by comparing the effects 
obtained from a given dose of each of the compounds, the dose being 
10 or 20 mg. in the respective experiments. It was shown in the 
absorption tables that from such a dose sulfadiazine produces a higher 
and more prolonged blood concentration. It is only fair to say, 
therefore, that part of the better effect shown by the sulfadiazine 
was due to the higher blood concentration obtained from the above- 
mentioned doses. The rather low survival obtained with sulfathiazole 
in streptococcal infections is probably explained by the rapid excre- 
tion of this drug (16).and the fact that only single daily doses were 
administered under the conditions of this experiment. 

Although the therapeutic studies presented in this report establish 
sulfadiazine as an active compound that compares favorably with 
the existing agents, it should be pointed out that an absolute thera- 
peutic evaluation has not been established. Such an evaluation can 
be obtained only through much careful clinical study, where theagents 
are compared for activity in disease entities for which they are ulti- 
mately intended. However, comparative evaluation on an experi- 
mental basis can be continued profitably with the use of a method for 
evaluation described by Litchfield, White and Marshall (2), in which 
therapeutic evaluations are compared on the basis of blood concentra- 
tions. Such work is in progress. 

The striking therapeutic effect of sulfadiazine in Friedlander’s 
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bacillus infections in mice indicates that this may be an effectiveagent 
in the treatment of this infection in the clinic. However, the results 
shown here were obtained in the experimental infection with only 
one strain of Group B Friedlander’s bacillus. Further work using 
other strains, including strains of Group A, is necessary. Such work 
is in progress. 

SUMMARY AND CONCLUSIONS 


1. Based upon blood concentrations, the acute toxicity (L.D. 50) 
of sulfadiazine for mice is about 175 to 200 mg. per 100 cc. as measured 
by the parenteral administration of the sodium salt. The administra- 
tion of toxic doses (L.D. 50) of the sodium salts of sulfathiazole and 
sulfapyridine results in blood concentrations of about 80 and 65 mg. 
per 100 cc., respectively. 

2. Based upon blood concentrations in chronic toxicity experiments, 
sulfadiazine produces less tissue damage in monkeys than does sulfa- 
thiazole or sulfapyridine. Part of the explanation for this may be 
had in the fact that the solubility of acetyl sulfadiazine in urine is 
much higher than that of the acetyl derivatives of sulfapyridine and 
sulfathiazole, and that sulfadiazine is not conjugated to the same ex- 
tent as sulfapyridine. 

3. The blood concentration resulting from given doses of sulfa- 
diazine is about four times as high in monkeys as is the concentration 
resulting from similar doses of sulfapyridine. Mice maintained on - 
diets containing 0.125 to 2.0 per cent of the various compounds show 
blood concentrations four to five times as high with sulfadiazine as 
with sulfanilamide, sulfapyridine or sulfathiazole at the same drug 
intakes. In the dog, the absorption of sulfadiazine, following a 
single dose, is not markedly different from that of sulfapyridine. 
Rabbits show a great deal of individual variation, but on the whole 
the blood concentrations of free sulfadiazine are higher than those 
obtained from similar doses of sulfapyridine, and the amount of © 
acetyl substance is generally less in the blood of the rabbits receiving ° 
sulfadiazine than it is in the rabbits receiving sulfapyridine. 

4. The absorption of sulfadiazine by mice, following single oral 
doses, is rapid and concentrations of the drug are maintained in the 
blood stream for more than 24 hours. Monkeys absorb the oral doses 
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of sulfadiazine to high blood concentration within one hour, but a 
peak may not be reached in some animals until four or more hours. 
The blood stream is not entirely freeof the drug 30 hours after the 
dose. The administration of sulfapyridine to monkeys results in 
blood concentrations of the drug of which more than 50 per cent is 
in the acetyl form within one hour. Similar amounts of sulfadiazine 
administered to monkeys result in blood concentrations of which 
less than 10 per cent is in the conjugated form. 

5. Sulfadiazine has a high therapeutic activity in experimental 
pneumococcal, streptococcal and staphylococcal infections of mice. 
Relative evaluations with sulfapyridine and the other compounds 
cannot be made because the conditions of the experiment produced 
higher blood concentrations in the sulfadiazine treated animals than 
in the other groups. 

6. Sulfadiazine is highly effective in the treatment of experimental 
Friedlander’s bacillus B infection in mice. 


The authors are indebted to Dr. Richard H. Follis, Jr., of The Johns Hopkins 
Hospital for the pathological diagnoses. 
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Despite the characteristic clinical features of march hemoglobinuria, 
the number of cases recorded issmall. A case occurring in a marathon 
runner who was under observation intermittently for six years, is 
presented herewith: 


CASE HISTORY 


P. D. (No. 104834). A thirty-two year old Welsh machinist was first seen at 
The Johns Hopkins Hospital in June, 1933. His family and past histories were 
irrelevant. His general health had always been good. There was no history of 
syphilis. He had been accustomed to rigorous physical labor, working at one 
time in a steel mill. His career as 2 marathon runner started in 1931, five years 
after coming to this country. During the following year he trained persistently 
and competed uneventfully in a number of long distance walking and running 
events. 

Dark urine was first voided in September, 1932, following a strenuous contest. 
The exertion of the race was attended terminally by pain and a feeling of weak- 
ness in the lumbar region. The first specimen of urine voided after the race was 
deeply colored. At monthly intervals thereafter, coincident with exceptionally 
hard races, the foregoing phenomena recurred. At no time was there dysuria, 
nocturia or edema. A urinalysis at Atlantic City, following a race in March, 
1933, was reported: Blackish brown, specific gravity 1033; a large amount of 
albumin; 12 granular casts per high-power-field; no red blood cells or white blood 
cells. 

Physical examination at the time of admission in June, 1933, showed the pa- 
tient to be a healthy looking, muscular, well developed man. There was no 
jaundice. The heart and lungs were normal. The blood pressure was 110/70. 
Neither the liver, the spleen nor the kidneys were palpable. There was a moder- 
ate lumbar lordosis. The blood Wassermann reaction was negative. The 
Donath-Landsteiner test was negative. An erythrocyte fragility test was nor- 
mal. Phenolsulphonephthalein excretion was 77 per cent in two hours. Other 
significant laboratory findings are recorded in Table 1. 
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A specimen of urine voided the day after admission, just after a fourteen mile 
run, was dark, wine colored, contained much albumin, a few red blood cells and 
gave strongly positive benzidine and guaiac reactions. On the following day the 
urine was normally amber and contained only a trace of albumin. 

In the following three years the patient took part regularly in long distance 
events, becoming the country’s leading marathon runner. During this period 
he noted no discoloration of the urine; but in April, 1936, in Boston, he had to 
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stop after running twenty miles because of one of his typical attacks of lumbar 
pain and weakness, following which he voided dark urine. After this episode 
all went well until a twenty mile race in March, 1937 brought on slight discolora- 
tion of the urine. A month later, again in Boston, he was compelled to stop after 
running ten miles, because of aching and weakness in the back. As usual the 
next specimen of urine was dark. The various attacks did not appear to be re- 
lated to the atmospheric temperature or other climatic conditions, nor to the type 
of food ingested. There was neither fever nor constitutional reaction during these 
episodes. 
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In this connection it was of considerable interest to hear from the patient’s 
wife of observations that had been made on the posture of his body while running. 
It had frequently been remarked by those who had watched him in races that he 
had a very unconventional running form, leaning backwards as he raced. Some 
said the position in which he held his body was like that assumed by contestants in 
walking races. Such posture would, of course, exaggerate his tendency to lumbar 
lordosis and may have been of some significance as a contributing factor in his 
attacks of hemoglobinuria. 

Re-examination in April, 1937 again gave negative findings. The urinary 
findings at that time are recorded in Table 1. The blood picture was always 
normal except on one occasion, a day after an episode of hemoglobinuria, when the 
hemoglobin was 86 per cent and the red blood cells numbered 4,200,000. The 
icteric index was normal. The Van den Bergh reaction after a fifteen mile run 
was recorded indirect 0.8 mgs. per 100 cc. Other blood chemical tests done 
under various conditions, including the non-protein nitrogen, blood chlorides and 
total protein, were within normal limits. X-ray of the abdomen showed no intra- 
abdominal calcification, and the kidneys were normal in size, contour and position. 
A teleoroentgenogram revealed the heart to be normal in size and shape and the 
lung fields clear. It was perhaps a little surprising to find the vital capacity of 
such a well trained athlete no higher than 4000 cc. or 95 per cent of that expected 
in an individual of the patient’s weight and activity. 

Although he continued to engage successfully in long distance contests during 
1938 and 1939, he apparently suffered no further attacks. He was last seen at the 
hospital in February, 1939, when an examination of the urine was negative. In 
December, 1939, he was killed in an airplane accident. No autopsy was per- 
formed. 


DISCUSSION 


This case conforms in general with the typical features of march 
hemoglobinuria. The presence of hemoglobin was never actually 
verified in our case by means of the spectroscope either free in the 
blood serum or in the urine. Failure to observe it in the serum is 
explained by the fact that the syndrome was not precipitated by a 
hard run made under our observation, and the serum was never ob- 
tained during an attack. The fact that hemoglobin was not demon- 
strated in the urine spectroscopically, whereas the urine was dark red 
and showed a 4-plus reaction with guaiac, is probably due to the fact 
that the specimen was four days old when examined in this way, and 
the hemoglobin was presumably in a reduced state as the result of 
bacterial action. 

March hemoglobinuria, first described in a soldier about sixty years 
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ago (3), has long been recognized as predominantly a disease of young 
men. This predominance is perhaps dependent upon the fact that the 
type of exercise which elicits the attacks is indulged in almost ex- 
clusively by young men. The seizures vary widely in severity. The 
mildest ones may manifest themselves merely by albuminuria, with- 
out hemoglobinuria or subjective symptoms; the severest episodes are 
characterized by marked discoloration of the urine preceded by tem- 
porarily disabling backache and weakness. Neither artificial eleva- 
tion of body temperature (9) nor exposure to cold (6) has produced 
an attack. Certain individuals are more susceptible to attacks than 
others. It has been suggested that this type of hemoglobinuria may 
be “an exaggeration, exemplified in certain predisposed individuals, 
of a more or less naturally occurring phenomenon” (9). This assertion 
is compatible with the observations of Feig] (2) who found hemoglobin 
in the serum and urine of more than half of twenty-seven soldiers 
after a march of thirty-five kilometers. 

The disease is benign; the attacks are said to stop eventually (8). 
For example, a school boy subject to frequent attacks after hard races 
was found, twenty years later, to be entirely free of them in spite of 
continued activity in other types of sports (1). 

The type of exercise that produces the attack is frequently quite 
specific. Thus Attlee’s two patients developed hemoglobinuria when 
running on a hard pavement, but equally strenuous racing on grass 
turf was not followed by ill effects. In another individual (5) racing 
elicited hemoglobinuria, while gymnastic exercise did not. However, 
in Witts’ patient, attacks were brought on both by walking and by 
bicycling (10). From these observations it is apparent why the 
element of posture has been stressed as an important etiological factor. 
The analogy with orthostatic albuminuria has been drawn repeatedly. 
Porges and Strisower, for example, refer to an instance in which it was 
possible to prevent the hemoglobinuria by encasing the patient in a 
jacket, substituting a kyphotic for a lordotic position (7). 

The specific identification of the pigment excreted in the urine as 
blood hemoglobin rather than myoglobin has been carried out by 
Witts (10). This differentiation, made with difficulty since the cor- 
responding absorption bands lie close together in the spectrum, elim- 
inates the possibility that march hemoglobinuria is related to paralytic 
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hemoglobinuria (4). This latter affliction, occurring rarely in man 
but more commonly in horses, results in the appearance in the urine 
of myoglobin following the destruction of muscle fibers. 

A local disturbance in the renal circulation has been evoked by 
Schellong to explain march hemoglobinuria (8). Whatever the 
mechanism of its production, its similarity to orthostatic albuminuria 
is so striking that the phenomena are probably closely related. 

Since, as far as we know, the attacks of march hemoglobinuria are 
self-limited and the susceptibility eventually disappears, no specific 
treatment is required. The efficacy of postural adjustment in one 
case has been mentioned. Hoffmann maintains that the attacks can 
be abolished so long as cevitamic acid is administered (6). 


SUMMARY 


A case of march hemoglobinuria in a marathon runner is reported. 
The possible relationship of a lordotic posture to the occurrence of 
attacks in this, as well as in other cases of the disorder, is discussed. 
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PROCEEDINGS OF THE MEETING OF THE JOHNS 
HOPKINS MEDICAL SOCIETY 


HELD IN THE Hurp MeEmortrAr HALL, OcTOBER 14, 1940 


The President of the Society, Dr. Warfield M. Firor, presided. 
Abstracts of the papers and discussions follow: 


Case Presentation: Tetanus. By F.T. Brtuwcs, Jr. (Department of Medicine.) 

L. C. (U. #203350), a seventeen year old colored boy, was admitted Septem- 
ber 10, 1940 with the complaint of “lockjaw” and pain across his chest. Six 
months before, he had been admitted for a laceration of the knee and had received 
1500 units of tetanus antitoxin, intramuscularly. Seven days before admission 
he stepped on a broken water pipe and sustained a puncture wound of the ball of 
his left foot. He received no treatment and the lesion became infected. Six 
days later, in an effort to persuade him to go to a doctor, his father told him that 
he “might get lockjaw.” A few hours later he complained of stiffness of his jaw. 
The next morning the jaw was stiffer, and there was pain across the chest. A 
local doctor drained the infection, gave him 1500 units of tetanus antitoxin, in- 
trarnuscularly, and sent him to The Johns Hopkins Hospital Accident Room: He 
appeared very frightened, over-anxious, and panicky. His jaw was held tightly 
closed, his’ head was slightly retracted, and there was a suggestion of trismus. 
Reflexes were normal. Although an hysterical reaction was suspected, he was 
vigorously treated as though he had tetanus. The area around the lesion was 
infiltrated with 20,000 units of antitoxin, and an hour later the lesion was com- 
pletely excised. He received 100,000 units of antitoxin intravenously, and 20,000 
units intrathecally. His symptoms became progressively more marked. A posi- 
tion of opisthotonus was assumed and maintained: Spasmodic painful contrac- 
tions of the back muscles were frequent, the jaw remained tightly closed, and he 
had great difficulty in swallowing. The chest and abdominal muscles were quite 
tight with resultant marked difficulty in breathing. The movements of the 
eyes were at times uncoordinated. There was no evidence of localtetany. Paral- 
dehyde was administered in large doses per rectum as a sedative. A second 
intrathecal injection of 20,000 units of antitoxin was given on his third day in 
the hospital, and 10,000 units were given intravenously daily for nine days. 
His condition remained critical for one week while he hovered between deep 
sedation and muscular spasms. Improvement then began and was rapid. The 
temperature remained for the most part normal, but reached 101° during the first 
three days. Pulse was normal; hemoglobin normal; WBC between 10,000 and 
12,000. Urinalysis was normal. Cultures and smears of the material from the 

462 














THE JOHNS HOPKINS MEDICAL SOCIETY 463 


excised lesion were negative for Cl. tetani. Patient was discharged well October 
15, 1940. 


Summary of Cases of Tetanus seen in The Johns Hopkins Hospital, 1889-1940 











1889-1940 1889-1920 1920-1940 1930-1940 
Number of cases............. 71 47 24 16 
Number of deaths............ 46 33 13 8 
FFE Ey 65% 69% 54% 50% 





Incubation period: Average: 9.5 days. Longest: 1 month (three cases, one 
death). Shortest: 24 hours. 

Local tetany was mentioned in only 5 cases. 

Initial symptoms: By far the most common were stiff jaw and neck, and diffi- 
culty in swallowing. But of interest was the frequency of abdominal, chest, 
and lumbago-like back pains as the presenting complaints. On three occasions 
hysterical reactions were at first suspected. 

Cultures or smears were positive for Cl. tetani in only 10 cases. 

Treatment has always included radical debridement. In 1899, antitoxic serum 
was first given, subcutaneously and around nerves. Dr. Harvey Cushing, in that 
same year, treated a case by intracerebral injection of antitoxin. In 1900, intra- 
thecal and intravenous injections of antitoxin were begun, but in such small 
amounts as to be ineffective. For a while intrathecal therapy was not em- 
ployed. Only lately has treatment with massive doses of antitoxin, both intra- 
thecally and intravenously, been resumed. As yet, the records show little if any 
reduction in mortality, but the cases are too few to permit statistical analysis. 


DISCUSSION 


Dr. Harris B. Shumacker, Jr. said that the patient Dr. Billings presented had 
been a very ill boy and that his recovery was a therapeutic triumph. 

One feature of his treatment which may have been puzzling to some was the 
use of antitoxin intrathecally, since this form of therapy had been abandoned 
generally for many years. Dr. Shumacker stated that the reason it had been 
revived in this hospital was because of certain experiments which Drs. Firor, 
Lamont and he had carried out in the Hunterian Laboratory. They were im- 
pressed with the fact that it was the toxin fixed within the central nervous sys- 
tem which was ordinarily responsible for death and which, therefore, it was most 
important to neutralize, and that, on the other hand, it was this very toxin which 
offered most difficulty in neutralization by antitoxin administered through the 
usual channels. They had repeated experiments to determine the best route of 
administration of antitoxin, similar to those experiments done by Sherrington 
and others. These earlier experiments had dealt with the treatment of local 
tetanus. The present experiments dealt with the treatment of general tetanus 
in dogs. It was found that antitoxin administered into the cisterna was much 
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more efficacious in bringing about survival than was antitoxin given intravenously. 
He was not able to offer a definite explanation of why this was true, but suggested 
that it was possible that antitoxin penetrated through the pia directly. He cited 
the fact that novocaine and other local anesthetic agents, used in spinal anes- 
thesia, must pass directly through the pia, since the anesthesia is limited to the 
area of the cord bathed by the subarachnoid fluid into which the injection is 
made. It was true, he said, that one might not expect that the larger antitoxin 
molecule would be able to do this. A possible explanation of how this might come 
about was suggested by the fact that in dogs with general tetanus a much higher 
percentage of survival accompanies the intravenous use of antitoxin when, at the 
same time, plain horse serum is given into the cisterna. The non-specific in- 
flammatory reaction might facilitate the passage into the substance of the central 
hervous system. 

Dr. Shumacker stated that experimentally they were unable to obtain as 
good results when the the antitoxin was given in the lumbar subarachnoid space, 
as when it was given into the cisterna. He cited the fact that the excellent 
clinical results obtained by Yodh in India and Venner in California were with 
intracisternally administered antitoxin. The first two patients which Dr. Shu- 
macker and his associates had seen following their experimental work were treated 
with intracisternal antitoxin and recovered. The next two were treated by in- 
jections into the lumbar subarachnoid space. They also recovered. He thought 
it would be a good idea to try the use of antitoxin in this region, taking advantage 
of the greater specific gravity of the antitoxin in order to distribute it up the en- 
tire length of the subarachnoid space through the use of the Trendelenberg position 
following the injection, and that this might prove as efficacious as injection di- 
rectly into the cisterna. 


The Action of Type-Specific Antibodies in Lobar Pneumonia. By W. Barry 
Woop, Jr. (Department of Medicine.) 

Although the effectiveness of type specific antiserum in the treatment of 
pneumococcal pneumonia is well established, the action of antibody upon the 
pulmonary lesion is not clearly understood. Evidence has been advanced sup- 
porting the view that antibody cannot penetrate areas of consolidation within the 
the lung. The present investigation was undertaken in an attempt to determine 
whether immune bodies entered the pneumonic lesion, and if so, how they altered 
the course of the pneumonia. A uniformly fatal lobar pneumonia was produced 
in white rats by inoculation of the left main bronchus with virulent type I pneu- 
mococci suspended in mucin. All of the animals succumbed in less than 5 days. 
One half of them died within 48 hours. All had bacteraemia at the time of 
death. The pneumonic process was shown to spread rapidly until nearly the 
entire left lung was involved in 36 hours. 

Microscopic examination of the actively spreading lesion revealed three char- 
acteristic zones: (1) an outer “edema zone”’ in which the alveoli contained many 
pneumococci floating freely in edema fluid, (2) a middle zone where both leuco- 
cytes and organisms were present, many of the latter being phagocytized, and (3) 
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an inner zone of advanced consolidation in which the alveoli contained many 
leucocytes but no organisms and where there were already local areas of early 
resolution. Study of numerous lesions, at intervals of from 12 to 36 hours after 
inoculation, indicated that the pneumococci spread into normal alveoli principally 
by way of the infected edema fluid in the outer zone. Pneumococcus-laden edema 
fluid in large bronchi and in alveoli beneath the pleura suggested the mode of 
spread of the infection to other lobes and possibly to the pleural cavity. 

The action of type specific antibody upon the pulmonary lesion of experimental 
lobar pneumonia was studied in rats similarly infected but treated with antipneu- 
mococcal serum. When injected intravenously in a single dose within 18 hours 
after inoculation the antiserum was found to protect all of the rats against the 
otherwise fatal pneumonia. It stopped the spread of the pneumonic lesion, 
cleared the blood stream of organisms and prevented the extension of early 
pleurisy. The antibody caused agglutination and capsular swelling of the pneu- 
mococci in the lung, particularly in the edema zone at the margin of the lesion 
where they were most numerous. Apparently immobilized by agglutination the 
organisms were overtaken by leucocytes and destroyed by phagocytosis. The 
phagocytic reaction was greatly accelerated by the specific opsonins of the anti- 
serum, and the pneumococci were destroyed by polymorphonuclear leucocytes 
before many macrophages appeared in the alveolar exudate. Within a week 
after treatment resolution of the pulmonary lesion was well in progress. Both 
horse and rabbit antibody were shown to penetrate the lung, and immune bodies 
were demonstrated in the alveoli within 10 minutes after the beginning of 
treatment. 

It was pointed out that the primary effect of antiserum is to cause immobiliza- 
tion of the pneumococci in the advancing edema zone enabling leucocytes to 
overtake and destroy the organisms. Preliminary experiments were mentioned 
which indicate that sulfapyridine exerts a similar effect through a different mech- 
anism. 


DISCUSSION 


Dr. Warfield T. Longcope said that he thought Dr. Wood’s experiments were 
unusually well planned and that the results were clear-cut and made an im- 
portant contribution. The method which had been developed was valuable, 
not only for the study of the effect of treatment upon pneumonia, but also for 
an investigation of the pathogenesis of the disease. The study of the lesions in 
the lungs is greatly facilitated when sections of the entire lung can be placed on 
a single slide for microscopic study. Dr. Wood’s experiments show in a con- 
clusive manner that the chief action of antipneumococcal serum in the lung 
occurs in the edematous zone at the periphery of the lesions. It is noteworthy 
that in the centers of the lesions the pneumococci are destroyed and disappear, 
regardless of whether antipneumococcal serum is given. One wonders what 
factors are concerned in this process and whether they are dependent upon the 
presence of antibodies which are not demonstrable in the circulating blood. 

Dr. Longcope asked Dr. Wood how much importance he attached to the 
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hypothetical antitoxic action of the serum. How does one account for the im- 
diate beneficial effects of the serum upon the symptoms of the patient? 

Dr. Wood replied that he had no information concerning the role of antibody 
in the final clearing of the central portion of the lesion. It seems clear that the 
main action of antiserum is upon the outer edema zone. The pneumococci are 
destroyed by the phagocytic cells in the center of the lesion in untreated animals 
so that it is probably not necessary for the serum to enter this region. When one 
considers that the principal action of the antiserum is upon the pneumococci at 
the margin of the lesion, one can readily understand how a cure may be affected 
without the antibody actually neutralizing all of the specific polysaccharide in 
the consolidated area. 

With regard to the antitoxic action of serum, Dr. Wood said that no soluble 
toxin has ever been obtained from a pneumococcus which might be held responsi- 
ble for the fever and constitutional reaction in pneumonia. He believed that in 
the absence of complications, the temperature falls when the pneumococci cease 
to invade new tissue. His reason for believing this was that when the invasion 
of new tissue is arrested, either by antiserum or by the action of a drug, the 
fever subsides. 


Lesions of the Intervertebral Disc. By BARNES WoopHALL. (Department of 
Surgery, Duke University Medical School, Durham, N. C.) 

One hundred and forty-three patients with suspected lesions of the interverte- 
bral disc have been admitted to the Duke Hospital. In this group one hundred 
and six laminectomies have been done; eighty-three for protrusion of the nucleus 
pulposus, seven for hypertrophy of the ligamentum flavum and four for tumors 
of the cauda equina. There have been twelve negative explorations. 

Ruptured intervertebral discs are encountered chiefly in active adults. The 
symptoms are initiated by trauma in 70 per cent of the cases, and are marked by 
an intractable sciatica. In this group, the average duration of symptoms was 
thirty months. 

Physical examination of such patients will demonstrate a protective mecha- 
nism acting in the low back region and a neurologic pattern of sciatic nerve 
irritation, loss of reflex activity, and minimal sensory changes over the derma- 
tomes of lumbar four and five, and sacral one and two. An elevated total protein 
in the cerebrospinal fluid was found in 82 per cent of the patients. The use of 
lipiodol or air myelography adds nothing, in many cases, to the localizing infor- 
mation obtained by careful neurologic study. 

Hemilaminectomy, with preservation of the neural arch, is the operation of 
choice. Eighty-two per cent of the patients have been relieved of their symp- 
toms. There have been eight recurrences, and seven patients have residual low 
back discomfort. The question of immediate or delayed spinal fusion is unsolved 
and must be determined by cooperation between orthopedic surgeon and neuro- 


surgeon. 
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DISCUSSION 


Dr. William G. Watson asked how the end results differed in the cases in which 
hemilaminectomy had been used in place of the older type laminectomy. 

Dr. Woodhall said that this question was an embarrassing one, for all of the 
recurrences had been encountered in the patients treated by hemilaminectomy. 
He thought that this was purely a matter of chance, for he did not see how the 
hemilaminectomy could be held responsible for recurrence of symptoms. 











BOOK REVIEWS 


(These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of this Journal.) 


Carlos Finlay and Yellow Fever. By Cantos F. Fintay. 249 pp. Illus. $4.00. 
Published under the auspices of the Institute of Tropical Medicine of the 
University of Havana, by the Oxford University Press, New York, 1940. 
(Edited by Morton C. Kahn.) 

In an effort to justify the claims of his father after his “terrible struggle for 
recognition from 1881’’, the author reviews his father’s work which began with the 
idea that a biting insect must transmit the disease, yellow fever, and this before 
Manson had described such transmission in the case of filaria, and long before the 
work of Ross on malaria. The species of mosquito concerned was accurately 
identified and experiments were carried out in which mosquitos which had bitten 
definite cases of yellow fever were later allowed to bite non-immune persons but 
only after a few days, resulting in mild or abortive symptoms. This result, he 
thought, might constitute a protection or immunization against a later infection. 
When the U. S. Army Yellow Fever Commission, with Reed, Carroll, Lazear and 
Agramonte, arrived in June, 1900, Reed visited Finlay who gave him all his ideas 
and data and even the Culex fasciatus (Aedes aegypti) mosquitos which were later 
used in their experimental inoculations. They realized that more than twelve 
days must pass after the mosquito had bitten the infected person before it could 
transmit by biting a non-immune, a severe and easily recognizable case of yellow 
fever. Their later work which consisted in the careful establishment of this fact, 
formed the basis of Gorgas’ work in exterminating yellow fever from Cuba, and 
later from the Panama Canal region. Reed (Medical Record, 1901) said, “To 
Dr. Carlos J. Finlay, of Havana, must be given, however, full credit for the 
theory of propagation of yellow fever by means of the mosquito which he proposed 
in a paper read before the Royal Academy in that City at its session on the 14th 
day of August, 1881.”’. . . “But since the results of his inoculations in one hundred 
cases were only three cases of mild albuminuric fever, without excluding other 
possible sources of infection, no value could be attached to his results. We believe 
that he did not keep his insects for a sufficient length of time after contamination 
before applying them to the individual to be infected. Notwithstanding the fact 
that Finlay had no results to show in support of his theory and that the latter 
had been wholly rejected by other investigators, the argument in favor of an 
intermediate host seems so strong that further investigation along this line was 
determined upon and the mosquito selected was the one that had been used by 
Finlay in his previous work.” 

The book under review goes on to summarize all the later work carried out in 
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Africa and in South America which has added greatly to the understanding of the 
nature of the disease. But from all the publications it is clear that it is to Carlos 
Finlay that credit is due for the original clearly expressed idea that the transmis- 
sion of yellow fever must depend on an intermediate host, the biting mosquito 
which he definitely identified in various ways. 

W. G. M. 


De Morbis Artificum Bernardini Ramazzini Diairiba. Diseases of Workers. 
The Latin text of 1713, revised, with translation and notes by WILMER 
Cave WricHt. 549 pp. $5.00. University of Chicago Press, Chicago, 1940. 

“What occupation does he follow?” was the question that Ramazzini, in 1700, 
ventured to add to the hitherto immutable Hippocratic interrogation. No better 
evidence could be found of his keen insight into the problems surrounding the 
diagnosis of occupational diseases. In the light of present day knowledge, one 
may be permitted a smile at his discussions of physiology and therapeutics but one 
must admit that he was a master of the basic principles of industrial medicine 
who postulated that the physician who would treat the diseases of occupation 
must first go into the workshops and personally observe the processes carried on 
therein. Dr. Wright’s translation of this famous man’s classic work reads as if 
the doing of the translation had been a pleasure to be enjoyed rather than a task 
to be performed. The language is thoroughly modern and yet it preserves the 
flavor of the original Latin prose. At the same time it clarifies the many obscuri- 
ties to be found in the previous English versions. A wealth of explanatory notes 
containing much new material adds greatly to the reader’s interest. The biog- 
raphy is a happy selection of pertinent facts from a mass of more or less irrelevant 
detail. Also included is a complete bibliography of all of Ramazzini’s known 
writings with a brief descriptive note on each item. Both subjects and proper 

names are indexed. The present interest in industrial hygiene should insure a 

hearty welcome for this most readable book about a most interesting personality. 

J. M. McD. 


Office Clinical Chemisiry. By EmMaNnvet M. Apranamson. 245 pp. LIllus. $5.00. 
Oxford University Press, New York, 1940. (Oxford Medical Publications.) 

This is a useful new book containing a wealth of information. As the title 
indicates, it is intended to aid the doctor carrying out laboratory procedures in his 
own office. Its value lies in the brief lucid directions for performing the tests, 
and in the description given for simple laboratory manipulations, a familiarity 
with which is taken for granted by the writers of most texts on this subject. As 
the author plainly states, liberties have been taken with many standard methods 
with the object of simplication and adaptation to clinical use. Undoubtedly 
precision has been sacrificed to a certain extent, a fact which requires consideration 
in the interpretation of results obtained by these methods. 


M. V. B. 
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Dermatologic Therapy in General Practice. By Marion B. SULZBERGER and JACK 
Wo tr. 680 pp. Illus. $4.50. The Year Book Publishers, Chicago, 1940. 
These well known dermatologists and popular writers on dermatologic subjects 
have succeeded in writing a book which will prove invaluable to practitioners who, 
through necessity or choice, wish to treat diseases of the skin. In this new 
text the physician has available, in a coherent and concise form, information 
which gives him step-by-step directions for managing patients with cutaneous 
diseases. 

The contents are divided into sixteen chapters, the first fourteen being concerned 
with common dermatologic topics and the last two devoted to the management 
and treatment of syphilis. There are specific and precise directions on how to treat 
acneform eruptions, eczematous dermatoses, atopic dermatitis, psoriasis, urti- 
caria, fungous diseases, pruritus, drug eruptions, etc. There are numerous 
valuable prescriptions and diet lists. The special methods of treatment, applica- 
tions and bandages, are described in detail and many are illustrated by excellent 
photographs. Brief mention only is made of roentgen and radium therapy and 
electrolysis because the authors feel, and correctly so, that these modalities are best 
employed by specialists. 

For those who desire more detailed information a short reference list is prefixed 
at the beginning of each chapter. Diligent study of this book by the physician 
will prevent many costly errors in the handling of cutaneous affections. Every 
practitioner should have this book within arm’s reach on his desk. 

L. G. 


Clinical Heart Disease. By Samuret A. Levine. Second Edition. 495 pp. 
Illus. $6.00. W. B. Saunders Company, Philadelphia and London, 1940. 
A clear readable account of the diagnosis, prognosis and treatment of heart 
disease, written primarily for the general practitioner. The author stresses those 
observations and methods which contribute most substantially toward arriving 
at a diagnosis at the bedside. For instance, in the section on the diagnosis of 
types of paroxysmal rapid heart action, he calls attention to the effect of vagal 
stimulation elicited by carotid sinus pressure. If the cardiac rate and rhythm 
are carefully observed during carotid sinus pressure and release, he believes it is 
usually possible to differentiate sinus, auricular and ventricular tachycardia, 
auricular flutter and fibrillation one from another even when electrocardiograms 
are not available. The simplicity and vividness of the book are enhanced by 
chatty illustrations drawn from cases in the author’s own wide experience. 
There are no bibliographical references and few statistics, in contrast to some 
recent compendiums on cardiac disease. Rather, a vast amount of published 
material has been thoroughly digested and interpreted in the light of the author’s 
own knowledge. The last quarter of the book is devoted to clinical electrocardio- 
graphy, illustrated with 109 figures. While the reviewer believes that the subject 
of electrocardiography should preferably be treated separately, its incorporation 
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in a general work of this type undoubtedly rounds out the book and is a conven- 
ience to physicians not thoroughly familiar with the electrocardiogram. 
Cc. 8B: T. 


The Essentials of Medical Treatment. By Daviy Murray Lyon. 448 pp. Illus. 
15 shillings. Oliver and Boyd, Edinburgh and London, 1939. 

The author is Professor of Clinical Medicine at the University of Edinburgh. 
One would therefore expect this volume to embrace the fruits of modern thera- 
peutic advance grafted upon a sturdy and realistic clinical background; in this the 
reader is rarely disappointed. On the debit side is the unfortunate coincidence 
that the book was written at a time when the “sulfa” drugs were being studied so 
intensively that results were superseded by newer knowledge almost over-night. 
Hence, statements regarding these very important drugs, while careful, are inade- 
quate to the modern scene. In the discussion of coronary disease, the author 
states (p. 54) that xanthine compounds—Theophylline, etc.,—can not be expected 
to be useful when narrowing of the coronary vessels is due to organic change. This 
concept needs modification, or at least clarification, since the causes of true 
angina are usually, indeed possibly always, of an organic nature; yet the objective 
work of Levy and others leaves little doubt that such drugs, notably Aminophyl- 
line, are distinctly deterrent to pain derived from such conditions. 

On page 102 a captious critic would substitute “healthful” for “healthy’”’. 

In the discussion of urinary tract infections, one would wish a fuller exposition 
of the bacteriology of these disorders. For the American reader, a note on the 
different potency of thyroid preparations in the U.S.P. and the B.P. would be 
helpful. 

Such criticisms are not numerous when it is remembered that this book covers 
448 pages. In general, it is an excellent treatise, carefully prepared by one who 
measures his words. The reviewer enjoyed reading it. 

ie em 


Bacteriology of Public Health. By Gtorc—e M.Cameron. 451 pp. Illus. $3.50. 
C. V. Mosby Company, St. Louis, 1940. 

The author states that “the work presents the important facts in regard to 
pathological bacteriology from a public health viewpoint. . . . It is hoped that the 
presentation is such that students will be able to understand the facts set forth 
and not be confused by too much unnecessary information.” It is evidently 
intended to be an elementary text book for use in didactic teaching on the college 
level. There is not enough methodology to satisfy a bacteriologist and not enough 
factual material to make it useful in medicine or public health on the professional 
level. 

The brief historical review in the first chapter is excellent. The text is simple 
and clear with abundant illustrations. In general it is accurate, although it suf- 
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fers to an unusual degree from the common weaknesses of perpetuating some of the 
previous generation’s scientific mistakes. 
K. F. M. 


The Life of Sir William Osler. By Harvey Cusuinc. 1417 pp. LIllus. $5.00. 
Oxford University Press, New York, 1940. 

This is essentially a reprint of the first edition of Cushing’s well known biography 
of Osler. Except for the omission of many of the original illustrations, the reprint- 
ing has been performed without abridgment, and the complete text, with new 
pagination, has been brought into a single fat volume. 

In commenting upon a reprint such as this, the reviewer can do no more than 
assure the prospective reader that the type has not suffered too badly with the 
passage of time. The text, with its rambling wealth of information, has, of course, 
lost none of itscharm. The publisher’s desire to bring the book within the “‘purse- 
ability” of the medical student seems to have been admirably accomplished. 

J. B., Il. 


Problems of Nervous Anatomy. By J. Boeke. 164 pp. Illus. $2.75. Oxford 
University Press, London: Humphrey Milford, 1940. 

This fascinating monograph embodies four lectures dealing with the structure 
of neurones and their terminations in the peripheral tissues of the body. The 
first chapter discusses conditions which will alter the innervation of areas of skin. 
Thus chemical stimulation of a cutaneous area by tar causes a vigorous prolifera- 
tion of nerve fibers in that region. A piece of skin transplanted into another 
portion of the body will develop new nerve endings characteristic of its original 
location. The endings in the new skin growing over a denuded area have been 
studied in man. The second chapter describes the sympathetic ground plexus 
found in all tissues of the body. The fibers are closely related to the blood vessels 
including the capillaries. Boeke believes that they form a terminal protoplasmic 
reticulum which may penetrate the substance of smooth muscle, fat or gland cells. 
Motor and sensory, sympathetic and parasympathetic fibers are thought by some 
to merge into this terminal net. Boeke does not make his own position clear upon 
this subject. The third chapter is devoted to a description of the interstitial 
cells which are regarded as a true part of the sympathetic end formation. From 
them arises the so-called intraprotoplasmic network by which the nerve impulse is 
transmitted to the various organs of response. The fourth chapter is a criticism 
of the neurone doctrine. Boeke thinks that there is protoplasmic continuity at 
the synaptic junction and no inert barrier is present between a nerve fiber and the 
cell which it innervates. The terminal protoplasmic network and interstitial 
cells form a syncytium which is not consistent with the neurone doctrine. 

Boeke has won great distinction from his descriptions of the structure of nerve 
fibers and their terminations. There are many neurologists who do not agree with 
his interpretations. 


O. R. L. 
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An Introduction to Biochemisiry. By Writt1aM Ropert Fearon. 2nded. 475 
pp. $3.75. C. V. Mosby Company, St. Louis, 1940. 

This relatively small volume upon biochemistry summarizes many of the recent 
advances in the subject, and includes short descriptions of a number of methods 
commonly employed in the analysis of blood and urine. An appendix outlines 
the composition of reagents used in clinical biochemistry. 

The author’s preface indicates that his approach to the subject will be “along 
the less worn path of inorganic biochemistry”, and this phase of the subject has 
been stressed. A short text, which is so all embracing, is bound to be somewhat 
limited to a compendium method of presentation. Without extensive directional 
aid on the part of the teacher, and without the use of other reference works, such 
a text may prove “hard-going” for most elementary students. 

While the author has done so intentionally, the omission of references to the 
exact source of much of the information included in the text appears to 
the reviewer to be regrettable. From the standpoint of medical students and 
clinical practice, a disproportionate amount of space appears to have been de- 
voted to “catalysts” (Chapter 13, 25 pages), ‘Tissue Respiration” (Chapter 19, 
18 pages), and virtually no space at all to the subject of the mechanism of oxygen 
transport in the blood. Carbon dioxide transport is mentioned under the head of 
“Inorganic Compounds’’, with discussion limited to a short paragraph (p. 56). 

Criticism may be levelled at the use of such terms as ‘Protein Porphyrans’’, 
and the erroneous inclusion of Methemoglobin among the “addition compounds” 
of hemoglobin, but these are minor points. On the whole the book is interesting 
from the point of view which was adopted, and it contains a very useful summary 
of biochemical information. 

D. L. D. 


Textbook of Obstetrics, With Special Reference to Nursing Care. By CHARLES 
B. Reep and Bess I. Coorey. 476 pp. Illus. $3.00. C. V. Mosby 
Company, St. Louis, 1939. 

This well illustrated text is an undistinguished but competent, elementary 
treatise on obstetrics. The book is so simplified that it does not contain a proper 
name, an histcric fact or a bibliographic reference. The reviewer takes only 
occasional exception to the methods of therapy as outlined; one such exception is 
packing the vagina in the home, to arrest antepartum hemorrhage. There is an 
extremely full and excellent chapter on the Supervision and Nursing Care of the 
Newborn Child. In addition to an index the book contains a 15 page glossary, 
which contains occasional inaccuracies; for example “‘ecbolic, an agent that ac- 
celerates labor.” 

A. F. G. 


Expectant Motherhood. By Nicwotson J. Eastman. 176 pp. Illus. $1.25. 
Litile, Brown and Company, Boston, 1940. 

Dr. Eastman has written an authoritative guide to direct the pregnant woman 

in the right path. The book is simply written, but the reader never gains the 
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feeling that a patronizing professor is writing down to his lay public. In the first 
two chapters he discusses the signs and symptoms of pregnancy and the develop- 
ment of the fetus. The third chapter is the most valuable, Diet and Hygiene in 
Pregnancy. Few textbooks written for medical students cover these topics as 
thoroughly and as accurately. Chapters on discomfort of pregnancy, danger 
signals, the baby’s needs, the process of birth, ‘“‘painless childbirth” and the puer- 
perium follow. The final chapter, The Newborn Baby, is full of information which 
is both interesting and important to the expectant parents. I am sure that any 
educated layman would find the book absorbing and marvellously helpful. It isa 
brochure which the obstetrician may wisely and safely put into the hands of his 
intelligently curious patients. 
A. F. G. 


Manual of Cardiology. By Wirt1AM D. Rem. 364 pp. $3.50. Oxford Uni- 
versity Press, London, New York, Toronto, 1940. 

The first portion of the book consists in a restatement of elementary facts con- 
cerning the diagnosis and treatment of heart disease. There is presented next a 
series of clinical problems in the form of case histories and this, in turn, is followed 
by a discussion of the cases including, in certain instances, an autopsy report. 

The information is in a form which renders it easily digestible for the under- 
graduate student of medicine. It is stated in the preface that the book is written 
to supplement rather than replace text books on the subject. 

R. F. 


Minor Surgery. By FREDERICK CHRISTOPHER. 4th ed. 990 pp. [Illus. 
$10.00. W. B. Saunders Company, Philadelphia and London, 1940. 

By eliminating much of what is ordinarily called “major surgery,’”’ Christopher 
has produced a text book of general surgery whose usefulness is indicated by the 
appearance of this fourth edition in eleven years. It seems to have been intended 
for younger surgeons and general practitioners of medicine, who more frequently 
are called upon to treat the apparently less serious surgical conditions than are 
surgeons of wider experience, but the author underestimates the value of his efforts. 

This field of surgery is not strictly out-patient, ambulatory, office, or minor 
surgery. It is made up of those lesions which if given prompt efficient care do 
not become serious. It is the surgery which while seen in abundance only in large 
surgical dispensaries is often slighted in medical school teaching. This book 
however amply demonstrates that this field is no less interesting than major 
surgery, and that the treatment of these conditions requires as good surgical 
judgment as that called for by major surgery. 

This edition has undergone much revision both as to additions and deletions 
and it is recommended without reservation. 


E. M. H. 
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BOOKS RECEIVED FOR REVIEW 


Dermatologic Therapy in General Practice. By Marion B. SULZBERGER and JACK 
Wotr. 580 pp. Illus. $4.50. The Year Book Publishers, Chicago, 1940. 

Simplified Diabetic Manual. By ApranHaM Rupy. 216pp. $2.00. M. Barrows 
and Company, New York, 1940. 

Observations Made during the Epidemic of Measles on the Faroe Islands in the Year 
1846. By Prerer Lupwic Panum. Translated from the Danish by Apa 
SOMMERVILLE HatcHEer. 111 pp. $2.50. Published by the Delta Omega 
Society. Distributed by the American Public Health Association, New York, 
1940. 

The Emperor's Itch: The Legend concerning Napoleon’s Affliction with Scabies. 
By REUBEN FRIEDMAN. 82 pp. Illus. $1.50. Froben Press, New York, 
1940. 

Synopsis of the Principles of Surgery. By Jacop K. Berman. 615 pp. Illus. 
$5.00. C. V. Mosby Company, St. Louis, 1940. 

The Soldier’s Heart and the Effort Syndrome. By Str THomas Lewis. 2nd ed. 
103 pp. 8/6d. Shaw & Sons, London, 1940. 

Introduction to Pharmacology and Therapeutics. By J. A. Gunn. 6th ed. 242 
pp. $1.75. Oxford University Press, London: Humphrey Milford, 1940. 
(Oxford Medical Publications.) 

Diseases of the Nervous System. By W. Russet, Bram. 2nd ed. 950 pp. 
Illus. $9.25. Oxford University Press, London: Humphrey Milford, 1940. 
(Oxford Medical Publications.) 

Bacteriology of Public Health. By Grorce M.Cameron. 451 pp. Illus. $3.50. 
C. V. Mosby Company, St. Louis, 1940. 

Physiology of Micturition. By OrTHELLO R. LANGwortHy, LAwREnce C. Kos, 
and Lioyp G. Lewis. 232 pp. Illus. $3.50. Williams & Wilkins Com- 
pany, Baltimore, 1940. 

Gynecological and Obstetrical Pathology. By Emm Novak. 496 pp. Illus. 
$7.50. W. B. Saunders Company, Philadelphia and London, 1940. 

Diseases of the Digestive System. By EUGENE ROSENTHAL. 394 pp. Illus. 
$8.50. C. V. Mosby Company, St. Louis, 1940. 

Rheumatic Fever. By May G. Wrson. 595 pp. $4.50. The Commonwealth 
Fund, New York, 1940. 
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CANNED FOODS IN THE MODERN 
PATTERN OF NUTRITION 


@ Generalities as to human nutritive re- 
quirements are of but limited use in the 
practical application of our modern knowl- 
edge of nutrition. This is particularly true 
where expert and experienced advice on 
diet formulation is not readily or conve- 
niently available. For those concerned with 
actual diet planning or administration, 
more specific information on nutrition is 
yer dh mg 


During recent years, several excellent 
texts have become available which present 
reliable guidance in diet planning (1, 2, 3). 
One important factor governing conform- 
ance with any diet pattern, of course, is the 
economic status of the individual, family, 
or group. A recent text presents a workable 
system in which rather full consideration 
has been given to this factor (1). 


Under this pattern, the common foods 
have been classed according to their nutri- 
tive contributions into some 12 groups. 
These groups include milk; potatoes and 
sweet potatoes; mature dry legumes and 
nuts; tomatoes and citrus fruits; leafy green 
and yellow vegetables; other vegetables and 
fruits; eggs; lean meat, poultry, and fish; 
flour and cereals; butter; other fats; and 
sugar. There will, of course, be quantitative 
differences in the nutritive values of in- 
dividual foods within a single group. How- 
ever, there is sufficient similarity so that 
the foods within a group can be used inter- 
changeably as conditioned by factors such 
as availability, relative costs, and personal, 
racial, or religious preferences. In order to 
minimize variation of nutritive values ob- 
tained from each food group, it has been 
suggested that as wide a variety of foods 
within a group, as practical, be consumed. 


In connection with this diet plan, de- 
sirable yearly food allotments for persons 
of various sex, age, or conditions of life are 


also listed in terms of these twelve food 
groups. Thus, from information regarding 
the sex, age, and activities of the members 
of a family or group, one can compute the 
yearly amounts of the various foods which 
should be provided. From the sum of these 
yearly totals, the food allowances per week 
or month for the family or group can be 
estimated. The latitude in the choice of 
foods, within the twelve specified food 
groups, makes the diet pattern more adapt- 
able to situations where the economic factor 
must be considered. 


Estimation of food requirements in this 
manner provides a practical method of diet 
planning designed to supply the nutritive 
requirements of an individual, a family, a 
group, or even a nation. However, the 
ultimate achievement of an improved nu- 
tritional status is dependent upon a readily 
available supply (at all times) of the various 
common foods at reasonable cost. It is 
apparent from the listing of the twelve food 
groups that many materials of a perishable 
nature—which are not conducive to year- 
round production near the centers of large 
populations—are indispensable in supply- 
ing the dietary requirements of our people. 
Thus, the transportation and storage of 
foods, in such a manner as to retain nutri- 
tive values, are important problems to be 
considered, 


Needless to state, commercially canned 
foods are well adapted for use in this diet 
plan. Commercial canneries are located 
near the sites of abundant supply of freshly 
harvested foods. The canning processes 
convert the perishable foods into nutritious 
canned foods which can be economically 
transported and marketed throughout the 
year. Hence, the canning industry plays an 
important role in the practical aspects of 
diet planning to improve the nutritional 
status of the American people. 


AMERICAN CAN COMPANY 
230 Park Avenue, New York, N. Y. 
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We want to make this series valuable to you, so we ask your help. Will you 
tell us on a post card addressed to the American Can Company, New York, 
N. Y., what phases of canned-foods knowledge are of greatest interest to you? 
Your suggestions will determine the subject matter of future articles. This is 
the sixty-sixih in a series which summarizes, for your convenience, the con- 
clusions about canned foods reached by authorities in nutritional research. 





The Seal of Acceptance denotes 
that the statements in this ad- 
vertisement are acceptable to 
the Council on Foods of the 
American Medical Association. 





